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PREFACE. 


The rapid incrca»o whirh h«\s rfconlly Uikt*n place in the M%e of the 
Microf»co|)e, — l)Oth a* an inutrumenl of m ienlific rcHearch, and an a 
mttans of ^atifyin^ a luiidalde curioMity and of obtaining a health' 
fill recreation,— hai< naturally h*d to a demand ftir information, 
Ixith fin to the nifnle of employ th«^ Juntrumeiit and itn appitr- 
U'lianccH and an to the ()l'je<’lH f<»r wluiMe iniiuite examination it in 
nioHt apon^priate. Thin information the Author hoN endeavoured 
U) » ipply in the following Treat i.te , in which he hat* aimed to 
rombine, within a iinMierale i‘oinpaH«, that information in regard 
to the 'iHc of hilt luHtr^irnent and itw Applianceii which in moat 
eftaential t<» the working MltTOHCopi«t, with mich an account of the 
ObjiHU fitU*d for hill Htutly im may «jualify him to comprehend 
what he obm'rveii, and thuii prepare him to Umetit Science whilnt 
mending and refre«hing hiH own mind. The nale of five large 
KuitioHii of thin Manual, with the many M|>ontantH>uii teatimoniuK 
to ita uaefulneai* which the Author ha.n rer4*ive<l from larrMona pre* 
rioualy unknown to him. juntify tht* Udii f that it ban not icucule* 
quately aiqiplied au exiating want; and in the preparation of the 
new K<iitiun xmw calltnbfor. therefore, he haa found no reaaon 
to deviate from hin original jdun, whiUt he hat* endeavoured to 
imjffo* U execution aa to every jioiui which NcerntHl capable of 
SkVr Ireatmeiil. 

account of the varioui* forma of Micnrttco|i#a and Accemutry 
, . .i ua, th« Author ha#< not attioiipted to di’acrila? every thing 

which la uaed in thU country ; atiti leiof, Ut go into minute detaiia 
respecting the const ructwm of foreign inutmineiita. He ia satiafle*! 
that in nearly all which relates Uith to the mechanical and the 
optical arrangements of their inatruriienta, the chief English 
Microscopo*makers are quite on a level with, if not in advance of, 
their Contineotai rivala ; but, on the other hand, the latter have 
sa^^lied instruments which are adequate to all the ordinary pur* 
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tti the knowled^ to he druwn from their study, ’em U> thmefunti^u 
tw^nlai pk 4 'Hi*m 4 n*i e/ /iru*^ rie/toHi whit’h ure now iiniversAnj 
adiuiKtvl to constitute the luiKiA of t*hyrti(ilnj|^ica.l Hcience ; thus 
ginn>( t/> the j>ortion of his Trefttijw which trt'ats of Pn>tof»hytic 
and Prtdozoic (►rpinismH, thiM’hnracter iif u tieneml Intrtniuction 
to the study of Iholo^^y, which will, ho hopes, prove s|M’ciully useful 
to such us dcsin* to follow this study into its hij^her walks. On 
the »»thtT hand, the Author hn^ felt tin* necessity of luuitiu^ within 
a narrow compass his treatment <d various iiuportaut suhjtvis 
U'hich are fully discussisl ni d'rcatises expressly d«'Voteil t<> them 
(such, for ••xample. as the structure of Insects, and VcrtrhruU) His* 
hdo^y), in order that he mi^ht i^ivc more space to those on which 
no such sourees of information an* readily aeeesMihle Kor the 
same reason, he lias omitted all reterence t<* the Knihrvoriic Ih*. 
velopmcnt of Vertehrate.l AmmaU, a study that is second to none 
in sej, *111111*' interest, hut can only he advantaj^eonsly taken up hy 
the M u‘r»*S('opist who has heen trained to the pnrsmt .Vml he has 
found himself ol)li}.»<Hl to content himself witli a mere indication of 
the new and inijstrtant faets now hem^^ linmi'lit to onr knowledj^e 
by Mi*Toseopio eicjuiry, 111 rei^iird to the Deprmits at present in 
prou*'**’*^ oti the Uittom ftf the iN'i'p Sea, the Mineral e.onstitntioti 
of S«-<iimentary and Icmoim Uoeks. and otln r hranchoe of Micro* 
IhHtroioi^ieal t'mjuiry, which are throwing ji }li>,>,lof ni'w li^dit on the 
f»ast hist-.rv of the Crnst ol ti»e Kuiih. 

^thas l»eeij tin* A ut hor’s olkji'C't throii^dimit, to ^uiidethe possessor 
of a Mutoscojic to the iniiUij>ut study of any department of 
Biohajy, whieh his individual tasU'S may lead him to follt)W-t»ut. 
and his individual circumstances may ^ivt* him faeilili»*s for pur* 
suin;^. Aral he has partienlarly aiiiie<l to show, undtT each hea<l, 
how small is the amount of trustworthy knrjwUsli^e alnaidy 
ac^ffcired, comjtari'^l wuli tiiat which remaiiiH to U* attained hy the 
zealous und |»erscv©nn^^ student. Uein^ satisHed that there is a 
lari/c quantity of valiiahle 3 /»Vr.»iir.*p* .p*or. /* at presmit running hi 
waste in this country, af*pli»*<i m such <leMulb>ry observations 
as are of no service whatever to ,Seit-nee, and of very little t#» 
the mind of the olwierver,' - he will consider himself well rewarded! 
for the pains hehoni U*irtow#*ii on the prcMiaetiori and revision of this 
Manual, if it should tend dir»s:i this fsiwer Uj more systematic 
labours, in th(j«e fertile fields which only await the dilij;(entcultivabir 
to bear abundant fruit. 

In all that ooncems the w*/rkin^ of the Microiico|>c and its 
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tp|nirt«tianc««« th^ Authf»r kiif mainlT drawn tijK>n hw own «• 
j>«iricfioc» which almont to the tim^ when Arhroniaiic 

0^jjeri«Khuiii<»ii w^ri* coiii«tnirti*4 in thi*i r^mtitry. In hi(f la*t 
Kdtihm, he fell hminelf hy th«' fh*man4« whi<*h were enable 

by Official diitifw u|ion hi* time nnd atti ntion. iw'ek the aid of 
bin friend Jdr. H. J, Sla<*k, in lh»* |»re|*itnilion of the fK.rtion of the 
work aj^inlly relatinK" U> ih»^ and lU A|>{>lianc«!»i. But 

bai'inK now, at laat.thr rotntnand fd h;* t*wti time* he ha# preferml 
that thia, like the r»’«t of tio* Trrati^^**. nhonld lir thi' expre*-tion of 
hta own main rf*<} viewn. and hai» nrr -rdm^lv tak»'n murh tniuhle 
t<i ac4)oamt hirnwdf thnn»tii.fKlr with »mf'h advjtnc**a, alike 

in the UiiMiry and in th»’ I'rartne of Mirr a» could W moat 

(tttifijjfly iiitr Klnml into it. 

Acc4>rdit»j^ly . h»' him intr *Klu<’«'d at )«p I"*'. lf>l a c*'nf‘i»<‘ amuint 
of the * diffntctmn th*'«-r\ ' Tnd AI U\ whuh ha^ imw j^iveii the 
complete rri/»f*»ioh <d ih*- r^ lntion l-twei u tli*‘ * aiii'uliir aje^rturc' ' 
of < d»je'*live« and their ' r«'(«'dunK" ’ And In* h;o< fo|lt*wcd 

thin up hjr ft di»< n'«<OMn th** »n ,pp I"! i^***'* wln ther the 

<H*rnn»j;*ont of the uiitfular ft|»*'r!ure t*» it>» eitr -mcnt luniU in the 
end to U' ejM'cmllt aiined-at in th« » on^tru* ti.>n «'f t d jectivcm for 
the hikfh«'»t kin*U td al r» «i ar> h . an »*tlier w«>nU. whether 

an Ohjeetivf which resolve* ih* ihtFiruit I ‘uiU>in*U‘ata, in on 

that a<Nvmnt the one In"*! f^r f<4l »wrjhk^' the hf< hisn^ry of it 

or for ittudyirti: th** de\«dopro«-nt of a pr dd«'fmilieal JlarUlus’ 
orj^tUHin. Httvini,: the lui-^ftirtune to differ in opinion oii t hi j^jko .t** 
from certain A noTican Mu r^n*e*»pj4t**.wh.* ure liwlinK'^Uf'hoi by their 
e\[K’rtto»a*‘ in the reik'bition «d luie-l tenti by ( d.jie«’livc»i of the 
lar^eat an^ipiUir up rture. and who enlht4#ua*ii4CJi]ly a«iT*K'ate the uai* 
of auch ObpH'tivew aa the only |w*wer<* t*» Ih* trn»«t«'<l for Bi«*b^cal 
fciicajrt'h, he ha* re*jne»t4’«l hi» fnend, Mr DaUin^fer ithon wh««tn 
there can l>e ti*» higher anihi^rity on «uch a <pie#tioiii, t** jfire bun 
tlie Utnehi of hi* eXjH'riencc thereon. An<l hr i* anth(>mc^ by Mr. 
DoIUngvr to eipn'an hi* *wfire eoneorrrwrr in the opiumn uniformly 
upheld by tiie Author, that great ‘ revolving j>«.»wcr* in only cicc[>- 
ttonally n«NHi«si in Uie moat difficult Budogical mve^tigatioui ; what 
ia e«p<»C4iilly rwjuin*d for the i*tudy *4 hr»«*/ and or^aniam# 

baitig auch criup and clear detiuition. gootl working dnitancc, and 
couo^ctrablc focal depth, a« high-j*owcr fdbjectirca of the wiiieat 
ap«Hur« cauuot afford. Theao qualitiea are ao odimraUy combixiad 
iu th« 'dry* l4U»th of * imaieraW angle' amutructeei U> Mr. Dallinger'a 
order by Meian. Powell and Lealaad, that be baa I>den able to do 
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i^rk (of tho kind jaat specified) with tkii Ol^eetiTe* wKick it 
hftve been »imply imiH*40ihU for biin to do with Uie oib 
ii&t4«^rtioti l-25th of the tamo niakera* alUiou|,fh this /or ttirporte# 
their 1-Iioih in * n'solvinif* power. — Whon Prof. J. Edwards Hmith* 
and thoiie who aide with him, ahidl hare pn>duc«Kl Htologtcal work 
of anything like the same imtun^ and quality an that of Mr, 
Dallinger, it will Ik* intereating to know the roMulU of their more 
ertendtM eijH*rience. 

On another jHnnt of great pnietieal imjwulAnce, the Author has 
thought it worth while t(j avail himnidf of Mr Dallinger'a unrivalliHl 
eifwrienre, -the utility of * diHq> eye-piering.’ Ft»r he hiia SiHUi with 
aatoniahment that the cnthuHinstie Aineriean AAlvueaUm of the 
widi^at angles for Objeetivea of iiOHlemte |K)wer, are rhuming for 
such objeetivea the mlvuntage that they imiy he worked*up to any 
amount of amplification by aufiieiontly 'de«*p oye-jiUKiing ;* solid 
eye-pieci^ii of half ur even n tjuarUr of an ineh U*ing now ajMtken-of 
aa in onlinary uiwv He d<HJ« not for a rnomonl d«>uht that diiricnlt 
linc»l t4*»ta may >m* thus ahctwii. but that it ia far leas trying to the 
riaion, when eiereisinj in nmtinnout work, to gain the nee<iiHi 
amplification by a hifjh Objective and $hatlntr Eye-piere, than 
by a liftt* Ol»jertive (hhwever wide its angle) and Eye-f>im\ 
experionce long ago autisfied him Not having thus exerciaial Kin 
eyes, however, u{Mm objeete requiring the high amplifications uaiwl 
by Mr. Dallinger. he wan fully prepare<l to submit his own judg- 
lilenWm this ijueation to that of n gentleman who has ao well earnisJ 
hia title to pronounce an authoritative verdiel uj>on it; but, so far 
from having in the least to give way, the Author finds himself suje 
j>ort4Hl by Mr, D. in the most emphatic way For he learns, not only 
that Mr. D.’s oxfsprienco in the study of the most difficult Biolo- 
gical objoets satisfn»s him of the immense siijmriority of the hujhtit 
Olyective that a^lmits of go<sl working distance, combinwl with a 
Ime Eje-pieoe, over the ' strained amplifiimtion’ given by a i-PMhs, 
a l-4th, or even a I -8th, with deep eye-pieces ; but that Mr. 1) is 
satisfies! that if he had tried to do the wf»rk of the lost ten years on 
the latter plan, he would be now bliml, instead] of possessing as 
good and sensitive a sight as he had ten years ago.”'— As it has liecn 
politely f uggestod by an American controvendalisi, that the Author’s 
inability to appreciate the supreme value of wide aperture may be 
doe to the senile deterioration of his vision, the Author is happy 
to be able to state that,— thanks to bis habit of using shaJhm Eye- 
pieoea, and of never pemisting in Microscope-work when he hae felt 
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irmoal f»ii|pae , — eytn an? now an fit for liicroikjopy •* they w<^ 
wHi?ii ha Ijegan »o U> tim tiwm lunrly half n century a^^o. # 

Ha hail only U» mid that he hmi endotvoumi by a careful fond 
thoroti)(h revinion of thi* entire Tn*ttlii*c, to render it an iwrviwable a* 
{lowitblci to Uh>im» for wbotfi it i«i *|>*?cially inteiuh'^l. Itenidi'^ intro- 
dneing a lari^e amount of new matter intoUi** fimt four chapterH, he 
half eniindy re-writti-ri V.. #«» an to emUMly in il an account 

of thtxM* nieiboild of I lardejoui;. Staining'. IinUniilun;, and Socti<»n- 
cutting;, which have omiplet^ ly re\olutioni/e^i many ilepartiiienU 
of Microfic<»|iir ifjve«(titruti<»n In the i**N-tjon« relating to the IVo- 
tophyiic fortni* of Vetfi Uihlr Ide, mm h new matter haii bmm in- 
trwfluci^Nl in r»*i;ard to the h / w. jt or /^ic/e»"i«m-^:rou|v the 

jl/yxsoinyeetr#, and other** <»f th<»»*i‘ * ijnoUj* or^aTawmH which occuj»\ 
tho liortier-grotimi U twu rt \ exeta>*h* iUel Animal life So, a^^oin. 
in the •♦’‘•’lion on the rr*»t‘»/;>*w lonn« .*i Aiumal life, larj^e miditioii?* 
hart* h^M'ii made uteh r th*- headn yt /*o. /«», Jufusttrm 

lenjM’cmily tin* /bn;* uni a<» /-leo',, an.! 7iodo</'»r(0 , and the 
aectiou on S/»om-/o* hai* U'eii eiitir* U r*‘-w ntt* n. S**tue imj^ortant 
addiiitinn have aUo U*,'n iiueh 't’hup XXI \ in rei^nini to the 
application* of llie Me to (o<oio,»h Al eii juiry - In man\ 

other 111* tamv*. referemn-*. ha\.' Uen ma.h*to the Uint HounM* of 
tnfontiaiiou ujM»n recent .loo ovemw **( mt« n -xt, ‘.rhich a *lue r»yard 
to the iKN'tiitiiary Uuul* of ho* U»ok mad* it n-xjuuite f^iT Uu* Author 
to iluiruiiia with a mere m<'nte<it. 

No fewer thiui fift\ new \V*>i>*I-<‘n^'ra\ iDk'^ have U*en addi^ lfca‘ 
the unc of ideren td whi-*h ih** Author i« mdci.u^l n* the t'ouriCil 
of the Luinn'an SiNneiv *. U'-^t len ih*’ re j»r* Uou af Trof. Cohn'» 
beautiful l*Iate ot d.dc ■-». which m»w f«»rin» the Kr<*iiUHj*mce. 

To «uch an find inchiUHl t*» take up iW u»e *d the Mi*^TO«ux>p« aw 
a mean* of healthful and improviu*: **ccup 3 ktii»u f*»r Uteir iinem- 
liloyikl hour», the Autht>r would ••ffer tliiw wonl of encourafjement, 
— that, notwitimtandiui; the iiumU r of recruiU continually being 
i4ded to tile rant army M»cro*copiwi(>i. aud the rapid eiu*n«k»n of 
it» cottqaenta, Uie iue.i.hau*Ubiht> of Nalim* i* couwtan Uy Ipcc^iming 
mom and more a)»{>arrnt ; 114* that no apprx heniiion mMHil ariae 
that Uie Mici\wco)Hat'a mwearche* can over be brought U> a atanil 
fiW want tif am ! 

Lujcootx, 3 /<fy, IS*? 1 . 
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EXPLANATION OF THE PLATES. 


nOHTISPIfiCK. 

BtOAi. mmunoii or rotrox olokatoii (ilUf Odif^ 

Fig. 1. SpbvfQ of VolwKt ^lolntUtr, at ih(> o{xwb of a, 

penn>«olL ooiitiiiniiig oltiiit«r of aothen»«oUt<» ; d* iporm-oott AdtrliM 

oi lUtcokliU chwtrr of anthfn>t(»tilii , mmi c«U whi»M» oliMflir han 
rokaa wp iiilo iu eompimaiit anthooniliia ; fpotiixttlli fMftly inqpti««i 
y tb« moopo of iu antheroadtJii , 6 b, Haak-ahapoi) gortii^ooUa. »bowii^jnrat 
iKiaaM ill alaa without «uUHri«i<ui ; M. ft*, gvrm-oolW with iarp faetlAo in 
heir in^arior ; b*, g«mi c«ili whmin »Ua\h^ hae chani^ to th^ globoUr. 

9 8«xoal ciirll, <iietingui«hAblo from atertie ri'lla, h, by ita larger libt. 

S G«rm<;eli, with aolberoi^ia awartiatuc over ita oMoehromo. 

4, Feriittied germ ci^U, or o>a}>li<'r«, with <!»«»« otivelone. 

5 B|M!nu cell, with ila c<mtaiiu <l of antberoiobu, more enUfgad. 

6 l^berateii anthoroot)} wi'h their dagoHa. 

PLATK I (fare %f \ 

YaxjoL'a roawa ur oiatomackjl 

• Fig 1 Artmccvriuji !ialf»u, 

*A A^^^nmimpra nmcinna 

3. ntliitpcUa a« M-en with hlack-groQDii iliumiDatbm). 

4, A§tfrtnmihuliut !ir*ttikrii. 

6. A%da€iuaiMCUM (}re*jUHUJi 

PLATE II far^jp. 1). 

tf iHMm nrm (Original', axo rof»r«A iwAiJf fttftwH, Hftct). ' 

Fig. 1. Traiurremwi aij^ciitm of Sj*jne of ErhintnmUa keUffopnra. 

2 Aiarbin^ on iScale of PtMluru, a* prtu by tranatuHlOQ light otuitr a 
weU-€rfmvt4f4 I 8th iuch 

S f'artiai obHleratiofi fA tb<- markinfja by ibo inaifitMtion of mduiuro 
bctarewo lb« ;^al« and tb#* 0»aering i:bi*t» 

4. Appaarmnew of the markiugii, «b« n the Kcala b tllomhiAtiMl from abore 
by ob^ue light faltmg at riglit an^^b « to ihf.tA, 

5. Tm mure, wbon tb« tight falU on tb; fkalo ttt tba dtreeltot of the 
markiiiga. 

PLATE HI (p 7f^), 
cuovcu'b art'OEXTa* utMocvum, 



%n UFUiuiioir or ns flaxib. 

PLATE IT, (|». Bl). 

Ksm'f mrvuMM utcmmcorm. 

ri-ATK V. (p. 89). 

mrttOVEt) JACEIWIS XEXTNATKK MJiwcm.'ort, 

I’LATK VI. p. 91). 

Mtwiim. i»r.f It*# i.Afci.i. Mirit<><M'«f>pK. 

ri.ATK VII fjii 

mwiti A%i» irAiAM>'» iAit<»i; mt. 

n ATi: VIII (p •r,c 

iiKVEiAtMfRxi <»r rAi 1 A’At* pKot.rt < I # ftftor Bmuti ftrul ('ohti^ 

l‘ig, 1, A I Sut « » !*:»».»* > t»f ; h. — m, 

|IU< »T«Hlivp of < 01 .!U.:A* 1 <<»» 

*i, A — < UiuAn AtlUlfit'vlot. <*f ' »\VS f. rin of /^ ; !►- <i. multi- 

jkltoEtioo uf ' motive ' for tn , i* i »htVr« n' I'lmnow of motiio* con<}itiun. 

ri.A'n: i\. ^p 2 ^ 4 . 

nrvri •'I'lir NT o» >oMk\ ».i xhtr*)!. u!t*'r Wilijanmoii . 

Fie 1 n, pnoj -rlii! I**] »'<■ ij'lnrv Hj-hor** , h, JM>lv- 

g^*n*v # o’ itMlf-Iio nk iT.it.' i h\ liv tlin*' 

'i ll»p T'oito in r?' .» f! 01 •. <»f f «(l»^hrano , 

A, tlirir < oriuoMuu’ I*'*' ' •’ } -tu. *'15 ' '5 .»*•.*' >r» l.in ftphciT. 

H Threat * in'To «4t4ti( . 4 f^'nuirof tor* t’l.f ‘fi lif.r •»'/'*■ of iho cot* 
H«*clinK |*f'‘'’’'*****‘ ifJfM *'.»» • ‘ 'v,w 4, f {).» j.rinotoliAl cell 

4. T lie »«ritv ro'^rt aIhao .4 *)) -v. nj ilo o »«.-.»•«. of i o*! ^ hnjiiw n»«>r** 
uuMy iiejiAn*!*',! lo tJu' Jiit- '[.<•*(! >oi, » ’ h\ » ‘O. nti 1 « ai h fumiiiliC'.i 

wilh * ol lU lio^ j r.o. i a»! «t). J ha» i.iolt iljo n M'Colid 

wrgtikenUtitvtt 

.V |\»rlHtf» «*f the *phrri, «] »«li of a ruatorr* IVi/fvu', (th .vrinp tbr'«i«lo 
m fMiralioti of the rrolfi h'ofjo' m.**.-* •::»! < oot.r* l< 4 1>» Jlo I'n*. r am * h, h . the 

linen of afr»*tliit»im, c. tli» l itiu' *!»*■ K'aliO' ’•rhvi^o. . un i To* tUp-lU, *. 

tS, 7,8. Sts^Midarv *|4n rr, • ' vi\ ro ^ ao.lmro .loTch (|»fMl hi the pro^n-n 
aim ir^ienlafi«»ii of ihr |*nn><»r'ii,tl r> 1 

9. crll fnun the wall .4 a inAltiro S\*einr »h''wir»ir ih'' eoJochronio 

tUJUHL, 6, W t«o lacuoir* a ii aa i to I'C »urTu.t»Jr%l hr a lt}alir.e 

tfurtdbjw^. </, harini* {aih^T'^uA! l.-tnlcr* 

10. IVniioO of the wall of a aeeo e^Irewarp thowiDg that 

ifa nolaenp i# alill inrestinl hr the Inalif e etneh^fw of iW iMTti^iuai cell, which 
thr* fUeelU ftetirtratr tot iio n *t pierv'e 

11. Tw<* iwlU from a luaturr r<*r^»jr iMM'iM>4cewarA, aLminirthe eiKrkmure 

of thoomhjchmme-oiaMtarA in their own hi a ire* oirrntment, ar»<l toe peraUtoiicw 
oC the gvoerml ioreetiueot ^erveU hj the aruitnd the eoUre adhere. 



imiiutioH OF m Futm 


iFit 


PI^TE X. (p. mh 

nvrftJoriiKTr a«d wirtouccrtw* or iirttJt]ion.iA AiticituitA (»fUr ^oKo). 

Fir. 1. OM*jior»», of a r*Hl colour, liAving iU o«tor momUruiko fumbltod wllU 
pm)on|ri^rt<mA. 

2, 3, 4. SofWiwiw of •ofrnirntAtk>n th<* <>*iiporv 

6. Fusiform sot frro Ujr llic rupturo of tbs noutf of 

lb« on<ip«f*re. 

6. 7. H Succositiro utappn of dorolnfunonl of tfHUporv into a filAmont. 

9 ItnmMturw tiUmcnt, nhowtn;; aI «i tho nitnulndon of tho cii(l4M'btoms pft» 

ilnml l»r the n'gular Arrnnj^^Mto’nt of vmMiotos, aci i nt the fruthr A(()A»Ar* 
since hy the itioltiplu-Alxm «»f v«r«'*lr« 

10 Mtw ii;<lvAnccv) slAiic*'. •'hoAmi' st o ih*' n^^;:TV|fAlion of the etulochfotue 
into 4h Hnite msiui«*A, whi< h l»oconie ntsr «liit}MM| tM i«*4'n At h. 

1 1 The jitAr 4*1 4 'i^hM hn»in»% o, tirsw thomselveA toother 

A^faio Ati<j W<t»n»c am at A ; ih'linitc f*|K‘ninj,''4. r, ihoar theriinclirc* in 

thi’ <^*n wall 

12 Kotrance (tf the nn(herivy<tt(U, */, thrnu;*h ihc o|t«uini;A r, r 

i.l Fortnalioh of loAturr within tlie fiiann'tit 

14 ('ontciit* ol another tiUnient, it, iH-eotiiin*; <'oiiverlo(l into anthem* «i'U, 
whi< h m -vu aUoit at h ailhin tlo'ir toutaiiun^ cell, atnl »'M'ajK> fas A4*en at it ^ 
throi^'h the «[»cnin^ r 

h!! Antbcro*<«tl» nwirnmiiit? fro<‘ly hy ineanji of two lUgolla 


ri.ATK XL (p Xi\) 

AttA( iixon»iH4 rx jAi-<»,vn i »* 'uflcr ll. Jlcrk . 

weiniefiM lu* I to th*’ snrfAoe of a S*a an* repr«''iic!»t*’(l aa 

HK'in nn ler a l-4th Xiith L'lerkuhn tlluniunnion a. internal 

sur!a< •' , n, i jU nial surla* 4’ , « . trout \ii‘w, Inc ipieni mtlKlivUton 


l‘L\TK XU p 170 . 

i.ir*. iiiAToAY or inMM I A A^ riiKAr !•» faftrr Kaart ) 

Fijf 1 Hjiotca whi< h hare eH4aj*4>'l from tho fiiamontti 

2 hjAiAJon <*f iijKir*' into tour «je*riil-A 

3 >|A»Tuh’» fr«rrnii»Lr a 

4, /> «h reiopju/ i!i»o a ro i, wlju }i at oflivi i* « into two w-jjinenfM 

t* A mi On^hTiiroinj;,' nii'l the Ha^o lla 

7, li#j>i« with corjnuk i* » i *iw ut.h a -.r nu' h i ? 
ft A iMsw'Jy-Aheireloi** -4 lihiiio nt 

^f FtUmctit in who h th*i 4'^ii»JoplaAm has dirhh ^l into s/unewhAt Iook; 
wrirnxtiU. 

10 Farther •et^entation of a nUfiient 

11 Fimt AppraraiKA' of spireA aa minute speck* in the cndoplAani near the 

•min of tlw riu 

Vi Folly (iereh«]i«'iil spore* formetl hy ocmtrActi'm (A the ciMlop'aam, 

b 



xvixi EXPLANATION OF THE PLATES, 

13. <» ran nlar matte r8 in lipaceft between aporeti, indicatiirc of ilieuitoirra- 
tion of filament, 

1 4. AlinOKt complete diaappcaratice of filament, 

15. Filament from which hpotcH have esaiped. 

16. Filament broken into bUort Hegments, of which some Btill contain 
«pore«. 

17. Filament still nmre diHintegraUd, with one of the spores, a, in process 
of division. 

19. H<hI« forming a zooglfea. 

20. Kod undcrgonig beguicutatiun. 

21. Rod lengthening into filament 

22. Filament eontaming nportiM Itecuining granular at one end, with 
UftfisveriM" lines b tss<M U spores 

28. Sponvbeaiiug filuments forming roge work, 

24. Part of filament eoritainmg a hpoie in pro^•<•^^< of divisiim. 

25. Oificren; slngi’S of develDpriiefit o{ sp(n<; intti rod. 

26. Short filamentH contairnng spuivH 


FL VfF Xni. ,p. 490; 

MFK histohy ok ki \oli.i \ IK iM I •‘UU51 M (after Dalliugcr). 

Fig 1. Normal form, bhow jttg fhre(' fl crel! t. o, 5. c, and nucleus </. 

2. Anterior fiagcllutn. (t, /», <lotihle , e, nm lens 

3. Fis'^ion commem ini: in nm h ik r, and in nnt«'rior portion of body, a, 

4. Fission nano ad vam ed, .'ind .^ho^v^n^ iuell in posteiior portion of 

Inaly, * 

5. F^s^ion still niote advam ed. both in nucleus, o, /», and in body 

t», 7, FiK.sion proceeding to vonijdetion 

H. < 'hange to aimcbold i-oiduion, with single fl.tgelbun and giMiiulai 
band o. 

\K (‘onjngation of w ith ft e( swlmmiii'’: form • 

lit, n. Stages (4 ])iogr<SM\o {ii<ion, terminjuing in j^roiluction of stul sac, 
12, which afterw.irdv «>penH and |H*nrs .-ui spores, us at 11, 14, the jirogresbivc 
grsiwth of whicli 1» bhown in tigs, 15-21. 

FLATF XIV ;p. 527 - 

sRXt *1. (t') nKcinuM rrn>.v ok iNKtsouia (after Ilalhiurii). 

Fig. 1 t 'onjugation of Pantfu^u fum aurtlid : rf, oeariinn (nucleus) ; fr, semi- 
nut eapsule (nucleolub); r, oviducfll catuil ; d, seminal canal; e, buccal 
fissure. 

2. The iianie, more advanced ; a, ovary, showdiig lobulated aurface ; b, h, 
iMXJoiidarj' seminal eapsules. 

3. (bm of the individuals in a still mon' advanced state of conjuj^tioii, 
showing the ovary <?, o, hniken up into tragments conuocied hy the lube m ; 
hf b, seminal capsules ; r, contractile vesicle. 

4. ibrmweWwm, ten hours after the ctinclusion of the conjugation; 
unchanged graimlar masses of the ovary, of which other portions have b^u 
dfvubped i»»to the ova, o, o, still coutained within the connecting tube m ; 
hf hf aeminid capsules. 



EXPLANATION OF THE PLATES. 


XIA 


5. The same, throe days after the completion of tho ooniugation, 

Sueceesive stugce in tho developiuent of the seininul capsules. 
ir-18. Successive stages in the development of tho ovules, 
ll'. Afini'im in difleront stages* a, b, o. 

20. Paramecium containing three .IW neta-pai asiies, </, (/, lying in 

introverted pouches, of whiclt the cxtornai openings are seen at jc, jc. 

2 1 . or i n cou j ugation . 


rj.ATE XV. (p.Wl). 

VAIUOVS FOKMS OF K<>K VMISIFF.l! A ^Original). 


Fig 1. (Wnimpira, 

2. SpirolocHlina. 

3. Tfilitf'uVuta'. 

4. Hiim'niina, 

’>. PincfitpliH. 

t». ()rbirnllH(t (rjclh’al form). 

7. < }rhicitfliia ^yioingh 

8. ( ^rhi'-iflina (.spiral iurni). 

0 La{f(un 

10 Xodofinria 


Fig. 11. Crutellaria. 

12, (ilohfffi rinu 
J,‘5. PftJtff/wrphina, 
14. Text id aria. 
ir» J>im)rhina 
1»1 Polifstmue'lo. 

17. P/attorbiilinu, 

18. Poiaha, 

10 Xoitiinilna 


PI..\TK XVI (p 580). 

v.vitiors K^uurt OF I oK.^MiMFFia (, Original), 

l it! 1. f us^ showing external suHace, and vertical ami horizontal 

H<‘Otiol!S 

2, (*jU Ci iilinii, laid op<“ii to show its intornnl s^m lnre •- a 'uurginul <‘oid, 

seet) in cross so' (inn at a' : h, //, external walls nf tie* cltatnhers , c , e. caviti(*s 
<»f the^haintKTs ; r' tliejr uKir pio.ongationK , <’/, septa, divid<’d at d d 

and at d!'\ h<> as 1(» lay open tle^ iuters<Milul eafials, tin* general disfrihution of 
wdjtch is Kceti in tin- septa /,c,* the hoes radiating' from e, e, point to the 
secondary pi>rcs ' g. //, notJ-tuhidar ooluinn.s. 

3. (’afearitta, laitl open to show its intenml struet'iro ; — n elmndiered 
portion; h, inteniunliate Hke]ct<'n ; c, one of the radiating: prolongations 
proceeding from it, with extensions of the canal-system. 

FLATK XVn. (p. 589). 

sTRumruK OF Eo/ooN eANAOENHK (Original). 

Fig. 1, Portion of its calcareous Shell, as it would appear if the S<jtr|)entine 
that fills its chatnhers were dissolved away: — a\ chamlxtrs of lower 
«tr>ry, ojpcmtig into each other at a, or, but occasionally separated by a septutir 
b, h ; A^, A®, chamlfers of upper story ; li, b, proper walis of the chaiubenf, 
fonued of a finely-tulmlar or nummuline sulwitance ; a, c, intermediate 
ton, wcasionally lraversed by large sUdon-passages, i>, oonnoctingthechm 
of different stories, and penetrated by the arborescent systeiuH of canals R, K, K, 

2. Decalcified portion, showing the Berperdinous iiitemcd cast of the 
Cuambers, canals, and tubuli of th© original ; presenting au exact modtd of 
the animal substance urhich originally filled them. 

12 



XX 


EXPLANATION OF THE PLATES. 


PLATE XVm. (p. 607). 

YAEioim FOSMS OP roLYoyftTTNA (aft« r Ehrenberg). 

pig. 1. Jhkhinfrtis K'Jmmlmnfhii, 

2. Ilhoii/thx'onium ornatwn. 

4. PUrocfiuium, tnlh animal. 


PLATE XIX. (p. cm, 

vamol M FfiUMH or HAMOLAUIA ((liltT IlatM’kil )- 

I’ ig. 1. I'iihmoitphtf'ra niphanophara 
2 Achno}nm<i nnrmt' 

Antfithtnnt'tra .vipha'anthif 
4. . I r<v htumpfutra ohlii*pif‘tn(tha 
6. f '}<nl<M t>txu» fiiniHalin 


['I.ATE XX. {p. f.l7). 

CAMrANFLAUiA uttATiNOf^A (after V^ri ]b-«e.<lon) 

part <tf the Htt'tn ninl brain'l».‘K, nfthe i^atural wizo 
», Small portion rntargod, sliowiog tho ntno turo of the luiimrxl ; a, terminal 
branch I'oaring polypos : ^M»^'l\po l.ud p:trtinll> doxoloprd ; r, horny coll con- 
tainiug the cxpunilo»l j>olypof/; / , Mvari/in cap^nh-, < oiitainirjg medudforhj 
gxnnma) in various j^taifca of t]» x”<''lt»j moni ; /. thorbv substance* extending; 
thrtmgh tho atom «ntl i ranebo’-, snul l onJK'cting the tlifl’cronl jvolypc-ccilB uinl 
mariaii rajuxulca; (f, nonulur conhtiktton.s at the baj^e ot the brauebesj. 


PLATE XXL (p. cm). 
rKN'TAt Kt^on) LA KVA OF ANTEtHiN (Orieiimi) 

Fig- L Skeleton of Oftrlv Peutaennend, tnuhT Plack-ground illnminutifm, 
itix comjHUHmt pbilcR:— 6, h, basala, arjiculatovl Itclow to the highest 
pfilut of the stem ; r*, first nulialH, between two of which is seen the 

single anal plate, a ; st eond radials ; lliird ludials, giving off tbo 
hifttrtjaiing ams at their summit ; o, o, oraE. 

2 S. Back aixd front views of a more advanced Pentacrinoid, ag eeen by 
ittdaent light, one of the ^wiir of arms ladng cut away in Fig. in order to 
Wing tlve mouth ni>d its surronnding parts into view A, 6, basals ; pt, r* r^, 
SrtsL tccond. and third radials; o, anal, mw carried upwards by the pro- 
W;tion of im vent v: o, o, orals; eVr, dorsal cirrhi, developed Worn the 
highest joipt of the stem. 
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PLATE XXII. (p. m). 

KruiH 'rrRE laui'NcntA iikff.nw (after Van Beneden)' 

A, Poljpiile expanded ; n, poiypido retracted; (\ another Adew of the sfone, 
with the vim?ral apparatus in outline, that the inanncr lu wliieh it i»donhl( d 
oil itself, witli the tentacular crown and muscular system, may he more 
distinctly Seen; — a, o, tentacula ; h, pharynx; r, ])haryngeal valve; i/, 
msophagus ; <», .stomach ; its pvloric orifice; < 7 , cilia on its inner surttice ; /«, 
hilinry' follicles ludired in its wall ; /, inteslino ; h, paiiic les of excremeiititious 
matter: /, anal orifice; m, ti'stis ; a, ovary ; o, ova lyin^ loose in the |>eri- 
visceral cavity; p, outlet for their discharge ; </, spermatozoa in the perivis 
coral cavity; r, s, t, n, r, j\ muscles. 

i>, Portion of the tjt>]*iu*[>lioro mor** (ulargetl ,--o, o, tentacula; h, h, their 
inlernai canals; c, their muscles; d, lophophore ; c, its retractor muscles. 

PLATE XXIll. (p. 7011). 

MTumTiritK AMI iiKvj-'um.MKxr nr TnMorTKKiH nNisciroiiMis (Original) 

A. Portion of caudal jtrulongations, containing the spermatic sacs, u, 

B. Adult Muh‘ specimen 

{'. ilindej part <if adult Female specimen, more eidarged, sliowing ova 1 v ing 
fretdy in the periviscenii cavity and its caudal prolongation 

i>. Ciliateti canal, conUnenciug extoniully in tlio larger ami smulli r 
rosette-like disks, o, h. 

< K. One of the pinnulaftMl s»*gT!icntM, showiiig tlie position of fJie ciliated 
eaim), c, and its rosette like uisk.H, a, h: Klmwing also the incipient develoj* 
ment of the ova. d, at the extremity of the hcgment. 

• F. (^u»halic Ganglion, witli its pair of aiuiitory (?) vesicles, a, «, and its 
two (K'tdii, b, 

a. Very young 7o7tt(t}ttt rii<, showing at a, a llie larval antcuiifB ; h, h, the 
iticipient long antennaMd' tin-, adult; c, ^/, c, /j four pairs of Kucfcodilig pirmu 
luted eegineiits, tollowed bifid tail. 


PLATE XXIV. (p. bOB). 
ruicitLATJox IK THE TAi>i*<)LE (liflcr Wlutney). 

Fig, 1. Anterior portion of young Tadpole, showing the external gills, with 
the imipient tufts of the infernal gills, and tlie pair of minuto tubes between 
the heart and the spirally-coiled intestine, which are the rudiments of the 

2 , More advanced Tadfiolc, in which the external gifts liave almost disap- 
jMsared : — a, remnant of external gills on the left side ; b, ojicrcoluia ; c, rem- 
nant of external gill on the right enie, turned in. 

3. Advanced Tadwle, showing the course of the general Circulation:— 
«, heart; h, branchial arteries; e, pericardium ; r/, internal gill; e, first or 
cephalic trunk ; /, branch to lip ; //, oranchea to head ; A, second or branchial 
trunk; third trunk, uniting with ita tellow to form the abdominal aorta, 
which is continued Ofi the caudal artery k, to the extrciaity of the tail ; 



XXn EXPLAKATION OF THE PLATEa 

Caudal rem ; m, Viduey ; 7 #, vena cava; o. liver; p, vena portaj; g', slfius 
ven{»eu«, receiving the jugular vein, r, and the abdominal vein8, t, u, as also 
the branchial vein, v. * 

4. The branchial (circulation on a larger scale: — a, b, c, three primary 
branches of the branchial artery ; a, cartilaginous arches ; 6, additional 
framework; c, c, twigs of branchial arterv , d,/, rmHiets of branchial vein. 

f). Origin of the vessels of the iutenial gills, f/, from the roots of those of 
the extenjal. 

6. The heart, systeiaic arteries, ptdnmnary atories and veins, and lungs, 
in the adult Frog , the heart being tump'd np in the right-hand hgnre, to 
show the junction of the pulmonary veins and their entrance into the left 
auricle. 


FLATF XXV (p B]4]. 

lUrtTUIBimON (U* f.vril.LAUY ni.oon-VK'<.si:i.H AS SHOWN IN TRANSrARENT 

(Original) 

Fig. L Transverse section (»f Small IntcBtiue of iUt, showing the villi in 
ftitll 

2. Section of the ^I'oe (d' a Mouse * - a, a, o, tarsal hones; 6, digital 
artery ; e, vascular loopw in the papilhe forming the thick epidermic 
cuahion on the under surlucc , #/, dl>.tribution of vessels in the matnx of the 
claw. 

S. Distribution of I1!o<h 1 vessels in the eorti( al la\cr of the Brain, showing 
the manner in wliich the aiteries, carried-iu liy il^c pin iiiatei, dip down into 
the funowH of the convoIuti<»nh 



LIST OF WOOD-CUT ILLUSTRATIONS. 


1. Diagram illiisfratitig nofraotion 

2. Ki'l'mclion of Daralicl raj^K by ])lanoa.‘oiivex 1<‘HH . . . , 

Do. by doublo-convcx 4oii8 

4. ll-efractiou ofmys Divei'giag from ejclroiMity of dianictor 
/». i'cfraction of rayn Divi-rging from t>thcr poiriU . 
d. I^ofract ion of < \>nvorgiug nivH ..... 

7. l oniijition of Jiuagcs by convex Jensc«. 

8. Spherical Abt rrjilioD .... 

y ( immiatic Alicrration ...... 

10. SectiiHi of Aolu-omatic Object-gbiNS . . . , 

11. Optical action of ( ’ovfring-glaK.s ....... 

12. of Simple Micro.scojio 

J.'l of Sij^ple.Ht form of (-(anpound Microscope 

14. of complet** 0<>jn|>ouiid Mitroscope 

15 . of IIa>glienjaii Eye-piece, after A. llo«s 

D). Stercoacopic Dyramids ........ 

17. Arrangemetit of lVi«m« iu Nwchet’s StcreoHcopic lUnocular . 

48. Relict’s Su^reoscopic i’imxtular ....... 

19. Weniiarii^s Prism <«»r SteivoH< opic Diuooular , , , . 

20. Sectional view <jf \Veijha«i'« Sn'rooKCopic 

21. Exb^rior view of ditto 

22. StepheiiHon'« Pri«iu« for Stcreo8ci*{)ic Diiiocuinr .... 

28. (^mdenser for Stephenson''H BiioKjuIar . . . , , 

24. Diaphragm with douhle ajKjrturc f*>r ditto , . , , . 

20. Erecting Prism for Slephenaon’H PinoculHr ... 
2f^^]xtorior orStepbenwm’H En ctimr DinocuJar . . 

27. Arrangement of lYi.sm.s in Nachet’s Stereo- Pncudo-scopic Diu<»<;ubir 

28. Exterior of Nachet’s Slereo-iVudoacopic Jiinocnbir . 

29. Angle of Apertare suitable for DinoeuW Objective* . 

80- Do. Do. . . . 

31. Rrats’s Simple Micra8<-of>e ........ 

32. QueketPs 1 dHsecting Microsco|>e . ...... 

83. Sidwtit and Kraft’s Dissecting Microscope . . . , . 

34, Do. Du. as folded in cast* . 

35. Dal>oratory Dissecting Microscoj^e . . . . - - 

38. Beck's IHsaeciittg Microscope, with NaK-bet’s Binocular Magnifier 

37. Fiekr* Dissecting and Mounting Microtecope , . . . 

38. Crouch’s Educational Microsco|>e . . . . . , 

39. Parkes’s Btlucational Microscope ..... 

49. Balters’ Students’ Microsco|>c ....... 


TAOR 

4 

5 
t> 
t» 

7 

8 
9 

P2 

H 

l.'i 

22 

2<i 

2tl 

27 

JU 

38 

34 

35 
35 
35 
37 

37 

38 
3S 

39 

40 

41 

43 

44 

52 

53 

54 

55 

56 

57 
<59 
fU 
65 
79 



xxtv 


LIST OF WOOD-CUT ILLUSTEATION8. 


41. L'ollinu’H Btnd(Mvt«’ Micrfiscope .71 

42. DllliBcher’H International Microscope . . ... VI 

4r*6. Uo«8'« (iSentniayer) Students’ Microscojje . .73 

44. W'^alo’s Now \V<frkiuir Microscope . . ... 75 

45. Nacbet’s StUflentH’ MitToscope ... . , 75 

46. Browning’s Kotuting .Mirroscopo. . . , .78 

47. Bivker’H StudcntB’ Km ting Uinooular 7^ 

48. Powell & Leiiland’ti Smaller Micnww. ope 81 

49. Collins’s Harley Binocular ... . , 83 

60. Swift’s Chullenge Binocular . 84 

61. Browniitg’M Smaller Sieplum.son Biiio<-ii’ar . . 8» 

62. lOtsa’w (Oritrinai) Fii'St elnaa Mien>acojM' S8 

63. Ikuile’s I lemunwt rating .Micro.sco]>e 1)3 

64. Baker’s Travelling Mi< rnsco|)o ... 94 

66. Swift’s portable P.infwnilar ...... 95 

6fi. Nachct's ( 'lu'mical -Miero‘Mn>pe . .97 

67. Powell and Lcalfuid’s , uon-Ktereoscopic Binucular Arrangement , 98 

6H. WctiliaTn’H ditto ditto 99 

69. l^raw-ttds' fitteil with Kivi tors . Itii 

Ot). Na' ljet’s Krerting Kv'e piece ... . . lt)3 

61. Sorhy-Brow uing's Mit ro-.'^pei troscojR' . 105 

02. Arrnngenunt of' iViMiiH iu ditto . , 105 

t)3. Bright-line SjHH'tro Mil loim ter loft 

04. Solar Spectrum and A hsorptitm Sj»e( truni . li)7 

t»6. SpectruHcroitic Apjiear.'uu eis of Blood , H)8 

66. .Bu'k.son’H K^e picce Micromoter , .• 110 

67. Hartnack's ditto lli 

68. Micnwcojai arranged (tir Drawing . .113 

69. Chevalier’s Camera liUcida ... 114 

70. Nuchet’s (’amera for Wrtical Mi(.rosco))e . 114 

71. Swift's Improved .Noso piece , * I K> ) 

72. Collins’s Cirudnaling Diiij>liragin . . 120 

73. lleek's Achromatic Comh user, witli Di.iphiagm-plale , 120 

74. Beck’s new ditli-, with eceentnuillv revolving front 121 

75. U ehster tomdenser, fitted witli t'olliun’s Ciradiiuting Diapimvgiu . 122 

76. Wenham's Disk ninminator .123 

77. Amici 'm Prism for Ohli(|ue lllmiiinat ion 124 

76. Pamholic Illuminator ... , , 126 

79. Diagram of action of ditto .*^*26 

80. Wenharn’s Betiex Tllumituitor ..... 1*28 

81. Fittings of Polarking and Aimh/iug PriMns 131 

82. Darker’ft SeUmUes, as lilted h\ .Messrs, ik'ck .132 

8»h SeieuihEj Ohject'Currier ..... 133 

84. Blankley’s Kcvi4ving Mic*i-Seleuite Stage 133 

86, SwifPa Combination Suh St ago . . .134 

86. Ordinary Cundeinsing Lens 135 

87. Buirs-Eye Comlonser . , . .136 

88. Beck’s Pamholic Sfjccuhuu .137 

89. Crouches Adaptor for ditto , . ^ FiS 

90. Diagram of L»el.>erkulm . " . 139 

Vetlical Illnminator . . 140 

92. Stephenson’s Safety*Stage 142 

93. Sta^Forcepfl ... 142 



LIST OF WOOD-CUT ILLUSTRA.TIOKS. xx\ 


04. Beck’s Disk-Holder . . 

05. Morris’s Object- Holder 

06. fiottoriU’s (ivowing-Slido 

07. Mad(U»x’s ditto ..... . , . . 

9B. Aquatic Ihx or Aniinalcule-C'ago .... 

09. Jif)tteriirs Zoopliyle-Trough . . . . . . 

100. Schick’s (.'oraproiim>r ........ 

101. Boss’s Iinptx>V('d (^^mpresso^ . . 

102. Beck’s Parallel-riate < '(Muprc.siHor , . 

103. Mode of iixing glu‘'Ke.s of ditto . . . . 

104. Beck’.s Reversjblc-cell (.’oinproMSor 

105. Dipping Tubes ..... . . . . 

106. (Jlass Sjringo , . , 

lt)7. Forcejis .... 

108. B<K‘kett Lamp ..... . . 

1(>9. Chiuiiiey sad Sluide of Swift’s Lamp . 

JIO. Swifi’s Microscopo Lamp ... ... 

111. Section of Ad juKtiag < ( JluHH , . . 

112. Arniugemeal of Micro«ct*pc for ’rrnusparent nlijci.tK . 

113. Valve of yVeu/'os///u/u forvioHum^ as illuminated from ditVcrciit 

azimuths ; after Beck ........ 

114. Arrangemeiit oi’ MuToKcope for 0[»a(pic ( tbjccts . . . . 

115. False hexacronnl areolat ion of D/euro«u////o 

116. Scale of frwrd, shovviug beaded markings; Irorn Bhotograpb by 

Dr. Woodward 

1 17. Experimentivl llluKtraftous of Brof. Abbe’s Doctrine of UilFraction- 

iinagcH .... 

118. Valve Sari rfH<( f/enuna, after llartnack and Woodward , 

119. Uo.ss’s Lever of i 'out act .... . . 

120. King-cells . . . . , . . . 

121. I’kite-( fla.ss Cells ...... 

122. Sunk Cells . . . . , . 

123. Built-up (VliK . . . , ... 

124. Wooden Sli'le for Opaque Objecta ...... 

125. Shadboh’s Turn-table ....... 

126. 1 innuing’s 'J’urn-tublo . . ... 

127. Slider- Forceps ........ 

128. ^ring-Clip .... . . . . 

129. %pnng-BreHR .......... 

130. Smith’s Mounting Instrument .... . . 

131. Spring-Scissors 

132. Curved Scissors for Section -cutting . . . . . 

133. Simjphi Microtome ..... ... 

134. HaifcB’s Microtome . 

135. Kivef-Diiser Microtonio .... ... 

136. Improved Object-carrier for do, 

137. Marsh’s Section-Lifter 

138. Dropping Bottle 

139. Duplicative StrWivision of <>!!«, after Thome .... 

140. krec (kdl-format ion, after Thoind . . . . . 

141. Lifc^liisiory of nft<*r Kiit'/.ing 

142. Formation of Amfcboids in Fo//;or, after flicks . . * , 

143. Jliomtoooccui gun^uitmUt after Hassall 


143 

144 

145 
145 

m 

143 

149 

150 

150 

151 

151 

152 

152 

153 

156 

157 
1.57 
105 
170 

174 

176 

180 


IS5 


189 

204 

210 

215 

217 

217 

218 

219 

220 
220 
221 
222 
222 
222 

224 

225 

226 
228 

230 

231 
245 
254 

272 

273 
283 

291 

292 



mtifi 


urn Of woothcm mjom^xnom. 


144. Baeoei«tv« idatfea of ^Telopment of Uha^ lifter KuUittf . , 2^4 

145. Fonufttion of &6»pore« m Uha, after '3’hurct .... ^^5 

144. Btmetore of O 0 emat<m<i cmitxUi^ after O'Alqueu . . * 296 

147. Fragment of gelatinonu frond of Kotftoe, after Hassall . * . 297 

148. Oeneration of Ka«eAeri« imdlU, after Pnngbbeioi . . . 299 

149. Development of .4 after Unger , ♦ . . 3U1 

150. Cen-muhiplication in ihnftrva, aft<ir Mohi 803 

151. (KdmiMium citiaivim, after ifringHLeim ; a)»d Cltcei<^>ftora de(^afis, 

after 'lixuret . , , , 306 

152. mondifanne 3U8 

153. Ojcloeis in JStitcUa ftexiUn, after Slack 309 

154. Generaliro Organs of f ’/<<//'« after Tburot . . .311 

155. Various 8})fM:n « of A'tr/j/ /•</#//■ #//«, alti-r HhUh . . . .313 

156. ('^eloais in Vlonferium lunuhi^ after Oaljorne . . . .314 

157. Binary aubdi vision of Mit^rmU riaH, after l^ibb . . ,317 

158. (3oi\{«galion of ^hnmariam^ after Kalfs 319 

159. Oonjiigaiion of after UalfH 320 

160. Binary subdivision and (‘onjugation of J>olt/nfiipriftn{, after Ifalfa 321 

163. Development of iMios/r/oni, iifter lira uu 323 

162. Various «jK*cie« of /Vz/msfriMx/r after Kaifs . . . 325 

163. Portion of hthmla nvrrimi, after Simili 33U 

164. TdeertUium Jurtig, ixhvr Hmkh ... ... 33tf 

185. IHturmiumd ipuuh atum, after lieek 332 

m. Stirfae e-marKingH ul Pn urodymu ufit/uJatun', after Pbotograpb by 

(jlUiither 333 

167. /)i//c/u7/<r, after Smith . * . . . 334 

168. Toniiigati lUi of Kpithfm'm tury 'ohi, after 'I huaites . 336 

160. SelM'onjugatii»n {?'•)!' y/ab'en, atier 'i huaites . 338 

170. JUicWfiria piinuitixu. after Smith . , . .341 

171. 4/eriVb‘o« arrnb/? r, after Sjnilli .... . 341 

172. lAnnaphorn after Suiilh « . 342 

173. JHatmna vuhfart, after .Smith ....... 34.'} 

174. Grnfumatoplmro Htrj>etittna. after Smith 3.43 

175. Surirdtix t'onatrictu, aftet Smith . , . 344 

176. iifter Smith ... . , 345 

177. Jifehmra iuhj^rxilts, after Smith 347 

178. Mdmira r<jrr/«>w, after Smith ....... S47 

179. Struct»m> of Valve of ( 'mdmdiM'Nts iH'nluH IruHa^ iifter Sfe])henjTipx 348 

180- AvtiHo^itpvhuM untiulatit^s, after Smith .... ♦ 350 

181. /sMmtn after Smith 352 

182. (^hcpioceroif after P. West 354 

188. after P. West ... 354 

184. KhizcNXnitnia iml/ricafay after BrightweU ... . 355 

185. Achnmithti ixfter Smith , . . 355 

186. OamphoiH'ma geminatumy nftat i>mn\i 355 

187. Seuftjrftte fnistules of ditto, after Smith 356 

188. Smiaomma OrevillH, after Smith 358 

189. SViMf A iV, after Smith . , * 359 

190. Mu$t<xfflma kinmtiaia, afmr Smith 359 

191. Fossil />iato»«<ie£er from (>ran, after Ehnmlverg . , . . 362 

192. Fossil Diiilowskimi', from Mourne Mountains, after Elircnberg , 363 

193. femo, and JTinc'fmirn /laerifa, after l>tthi tiger , . 369 

194. Macdhtt tubtUig and BticUlut tdna^ after Daiiii>gcr . . . 370 



UST OP WOOD-OOT ILLOSraATIONS. ‘ X*vii 

Matt^ rods of after Ewart . . , .870 

106. ViMo rugtdu^ after DalHn^r 371 

107. SpiriUum mdida aod Spirltlum volulam, after DalUnger . . 872 

198. Torula ccremsm. &fter Maiidi . . . . . . . 876 

199. /SVimW wen#r/c«ti\ after Kobin 377 

200. Botrytis hattgiam, after Kttbiti 878 

201^ BfUerobryiis gpirulis, liker heidy 880 

202. Entervhrym atiewuthLs, after Leidy 881 

203. Khell of Jinowta penetrated by parasitic Futjgns . . 882 

204. Stysanus capvt-medmmy after Payer 882 

205. Ihirntma graminis^ after Payer 385 

206. (J’lndium tmsihqiniB, after Tburot 8B7 

207. Olavaria alter 'Hmret ...... 387 

208. Developnient oi' Jfyxomy(*ete8 after Orovillc and (^ieiikowski . 388 

209. Chlammlomyjris InhyriuthulouleR^ jifttT An ]>er .... 391 

210. K^phfU'miria cirrhosa with antheridiurn of >S. trihaUnde^ 

after Piingsheim 3% 

211. Kereptaele of after TJniret 397 

212. Anthcridia and Anlherozoids of Furng^ after 'Plniret . . , 398 

213. I’etrafipores of (^arporaidon, after Kntr.Ing 400 

214. Fructilication of Afai '('.hauti<i^ after J\yer ..... 401 

215. Stomata of Mdrchantia, after Mirbel , , . . . 402 

216. (.'toiceptacles of after Mirbel . . . , . 403 

217. Archegonia of Marrhtuttn, after J’avcr ..... 404 

218. F.later and Spor(!.s of Man htntiia, after Payer .... 405 

219. Structure of jffter .InsKieu 4(10 

220. Antboridia and Aiitherozoids of iV/yZ/vV/d?///?, after I’lmrct . . 407 

221. Mouth of Capsule of Famirui ....... 409 

222. Peristonje of Funfinalh^ after Payer .... 409 

223. l>»lto of Brywit, ditto ...... 409 

2’A. • Ditto oi' f 'fncUdh/m, ditto ...... 409 

225. Portion of I^af of iSphagnum 411 

226. Section of iVtiolo of i^Vra 412 

227. Sori of Poh/poiliam, after Payer . 413 

228. Ditto of ihriKtonitis, ditto . . . . . .413 

229. Sorus arul ludusium of 413 

230. Ditto of heparUi, after Payer . , . .413 

231. ^velopment of Prothallium of /Ver/w, after Sujninski . » . 415 

232. ^nthcndia and antherozoids of /Ver?>, alter Huminski . . . 416 

233. Archegoniuni of after Smiiiinki . . , . • 416 

234. Sj>orc6 of after Payer . . . . . .419 

235. S(‘ction of loaf of Agavp^ after Hartig ..... 424 

236. 1^,'ctiou of Jralia (rice paper) 425 

237. Stellate Parenchyma of //wa4 ....... 496 

238. Cabical I*arenchy ma of Kaplwr ....... 426 

239. I^^velopment of leaf-cells of after Werdmni . 427 

240. r ircuintion in hairs of Trmle»citntia^ after Hiac k ... 430 

241. Testa of nue ......... 431 

242. Section of Cherry-«ton€ ........ 432 

243. Section of (*oquuki~nut . , . ... . • 432 

244. Spiral cells of Onddiuni ........ 433 

245. Spiral fibres of (Mimnia 433 

246. Cells of Bceony filled with Starch ...... 434 



xxviii LIST OP WOOD-CUT ILLUSTEATIONS. 


M7. Stare h-graini! under polarized light .... . 434 

248. O la tiduW fibres of Wofid 437 

249. Vascular tissue of ItoUun after Schleideu . . .439 

260. Transverse secUim of Stem of Rnlm ...... 441 

261. Ditto ditto Wauffhk (Jane .... 442 

262. DiagrTim of formation of Exogenous Stem . 443 

263. IVansverho Section of Stom of ... 443 

264. Ditto ditto Jlhamnus . . . . 444 

266. Portion of tloj snino, more highly inagiiitied .... 444 

26fi. Transverse sect ion of Jlnzt ' ....... 445 

267. Pi>rtio» of Trunsvertie section of Stem of CV(/or .... 446 

268. IVansveme Hfction of /wwxT/ (jnhjtr . , . 446 

269. Vertical seti ion of /*b.W Ojnl/cr, nuVuil ..... 447 

260. Ditto ditto ‘ tang^nitial ... 447 

261, Ditto of ... . . 447 

202. Transverse section of HotnI . 448 

263. Vertical M'ctiofj of tin* s.imo . 148 

264. 'IVansverHe section of /bsv .7 IToo#/ , 148 

265. Vorlii’al Moot ion of the sumo .... 448 

266. Transverse section of .l/'o«//o5Wo'o (•') . . 460 

267. Ditto of /*«n/oc/c ... . l61 

26H. Epi<lermisof Vucra ... ... *163 

269. Ditto of Z/oZ/V/o . . 47)3 

276. Ditto of .lyY^A , atior Itrongni, art . . 464 

271. Ditto of /o«7ovt Ditto 465 

272. Vertical Section of Ia)af of y/<x7)<v/, after l’6>ngniart . . 465 

273. EpidernuH of /rts <litto . . *167 

274. \ crtical Section of l.e.af of /r/s ditto 468 

276. Ismgitudinal Section of ditto ditto . . 169 

276. Epiitcrmis of Petal <‘f Zfccuaiaat ...... 460 

277. l*ollen-grains of .IZZ/of o, iicc. *V63 

278. Seeds of ivc, ........ 46,5 

279. iVofont.v.ro after Hae<'k<*l ..... 470 

2H0. loaijiry) !>//« s/»mY///ro, after t'ienkmNhki ..... 471 

281. ro7«Y\yrc//o after U Act k(d .... 473 

282. UdHt'kaJufid 11 /•/, uftiT t 'lni)ari>de . . . 474 

283. (fromia i/vl/ormis, after Schulze ... . . 478 

284. Jf/#rnY/r<oajO after Ilertw'ig , . . 179 

285. Actmofihri 0 s<8, after (.'laparcilo 481 

286. /:.oWao\ after Ilert wig and Lesser . . . 483 

287. Msr^nal jwrtion of ditto, enlarged, after ditto .... 484 

288. Z?Vo<ArW/»o cZc//o as, after <t reel .... , . 485 

s4nnrA«jr)rorcaj(, after t arter ..... - 486 

290. after tj reef 489 

291. Various f nns of JwneZa an, after Ehnniberg .... 490 

292. QimdnUn after F. E, Schulze . . . . 491 

293. tk>cc<)iith« and CcxM^osphcres, after Huxley ..... 498 

204. from Earthworm, after LieWrkuhn .... 196 

296. Kingl© zooid of ( umlNUatu^ after Kent .... 505 
296. Colon v-sttsck of ditto, after Kent .... . . 606 

JS^Ofiduai fmUfirt\ after Allman ...... 607 

296. Protojdasmic reticulation of ditto» after Vignal .... 508 

299. Digeativ© veakles of ditto, after \Tg»al 609 



LIST OF WOOD-CUT aLUSTUATIOm 


xxix 


800. Ih'idiniym rdterrimm, after Allman 

301. aOier ('lapart’de. ...... 

802. Pwlophrya qtuidrip<irt<tn^ (xtuI P. ehn(iata, after Clufmr^de 

303. Young of Podophrya (maJnjmrtiiti, alter DacU ock 

304. Keroita sdurnu, and Ivrammum ('au(Uttnm^ ai'ii'v Milno^Kdwnrds 

805. Group of lor/ /Vf/Zfu, after KhrenOerg . . . . . 

306. FiHsiparous Multiplication of PhiltHkm^ after Klu-tuiberg 

807. Encysting procotiH in rorf/fW/o-, after Stein . . 

308. Metamorpbonis of Trkhoda, after llaiine 

309. alter Milne Eduards .... 

310. Potifer rvlyariH^ after Khrenla*rg . . 

311. iMaiulucatory ajtj^aratiiH of Euehl^vtk after Go'.se . 

312. S*t*‘phun{H'<roH t irharnii, iiWw i'whUi 

313. NotniH fpi(ulr{et>rnis, after Elireiibeig 

314. Potulia or /min, after .Schultzo 

315. Jlveofina QiuPi ... . . 

316. Disk of Siiiiplo typo of 

317. Aiiinial of ditto 

318. I{e{»arali(m oi I)isk of GrZa7/>//7o , . . , , 

319. portion of .Vnimal i>f Goriiplox typo of (hhlfolilrs 
.319.'*^ /StfrcnodiKf Hph rira find Plhtliita drlfrcys/i 

320. Globigerine, ( Irlmline, and No<l(isaiine IJtuolkhi; Marniprlhi 

321. Pf‘oplt<u\ Plitihdiimniitop and (lonniminn 

322. /a «o7o/ uith internal struelu (I- . 

328. General view of J^orkrria ..... 

324. Portion of Porlrrio^ n^ie liigldy niagnftied 

325. GVo/oV/er/rm Z/f/ZZoft/ej?, I>’(>rbigny 

326. Secoiniary tliickening of (iUPkprino-HhoW^ after Wnllicli 

327. ^dohiyorina captured in tow-net, after Wyeillt* d’liotiijison 

328. Intoriuil casta of Tvxlulurla and PotulUt^ after l!]hr('iil»erg . 

329. Tinojuinin Ixtrulotini ........ 

c33(f S«-#lion of Jiithtfoi ScfiTodtcrwva, after Williainson 

331. I'kfoiliua-WmjHtitno * . , 

332. Internal cast . . , . 

333. Section of piece of Nuinioulifk* liinealonc 

StH.. Vertical Secti«»n of A wtiinuHvtt ...... 

835. Portion of ditto, more biglily njagnificd 

336. Horizontal Section (»f A7//«/aw//art 

337. Lp^ernal cast of Xummultna ... . . 

338. JliUrogUyina 

339. Section ol (ftZn7ovWe.» /brtZ^iV parallel to its R’srraee . 

340. Portions of ditto, more bigbly magnified 

341. Vertical Section of OrhitoUUJi .... 

342. Internal cast of Othiiotdot Fortifol ... 

343. ^ ertical Section of Ettzoic Eimeatone ..... 

344. Vertical Section of calcareous Shell of Fozofjn PaiH(tk)m . 
845. Pi^yryHiiHi^ friirn Barbndoe.n, after Ehreiilwrg 

346. Varietal modifications of A«/ro»«;wrt . . . . 

347. i4rw’'AZa)'m/</c»cwy>r<cZcxZM»i, after EbreniHJrg 

348. StyMyrtyajfraeilw ditto 

849, JJahomma i/umlwhHii ditto 

350. Pjphfmzifum ormPmare 

351. Diagraimaatic Section of Pponyilla 


611 

512 

514 

515 
517 
51 B 

522 

523 
525 

530 

531 
53.3 
538 
541 
546 
552 
563 

565 

566 
667 

560 

561 
563 
5tl4 

566 

567 • 
5/19 

570 

571 
.673 

574 

575 

576 
.078 

581 

582 
582 

583 

584 
584 
5H5 
586 
586 

586 

587 
690 
596 

m 

m 

m 

600 

601 

604 



XXX 


LIST OF WOOD-CUT ILLUSTRATIOKa 


852, Portion of Jlalichotidria, and Structure of Grantiq . 

853. Siliceous spicultts of IWhynmti$ma ...... 

♦%4. Hydra fmca^ after Miinc-Kthvards ...... 

355. Ditto, in gemmation, after Trcmbloj . . . . 

356, Meduga bods of Syncorym, aftor Sara 

367. idertularia rupresnina, after Johnalon . . . . . 

366. TJiaunmntiaH pllosella, after K. Forln's . . . . 

869, Development of after I >aJj?ell , . . . 

360. Development of after Dal} ell . . . . . 

361. FiUferoua cap«ulc» of Jr/in<Vi, &e., after f )to«se . 

862. SpIculoB of ami (ronfonia 

863. Spiculetj of fjronfonia guttata ami Muricea elongata 
364. Cydijfjf)*) jiileit}}, after Milnc-Kdwarda ... 

865. fier(t^ .Formkaiii 

866. Section of Shell of AVAZ/i//# . . , . . 

867. FaloiireouH retieulatl'tn of .Spine of luhlnm 

868. Ambiilarral l>i.sk of Erhiunm .... 

369. Transverse Section of Spine of Jrrw/'o/m . 

870, SpineH t»f SpntatafUJi ........ 

871, Structure of Tootli of /.VAZ/jMjif, after Salter 

372. f’fUeareoiiH skeleton of Axln/phiftan .... 

873. Calcartjous skeleton of llobtthuria . .... 

374. !>itto Suuapta 

875. Ditto i){ ( *hir<f({ota . , 

876. Iliptnnarian larva of Star psh, after Muller 

.877. riuteup-larva of AV/onej?, after Muller . . . 

878. Antidon ra.iareus [Jkmatula roHuci a^ . . . . . 

879. I’entacrinoid l.arvu of .1 aftt'r Thomson . . . 

880. (’ells of Ltpra^lfr, after .lohnH6)n ...... 

381. Dinrs head procesHOH CvlUilana ami after .lolmston 

and Husk 

382. Jmormic/joa after Mi!ne-Kd wards . 

388. Jhtrtfllux vuJaccw, ditut . . . * . 

384. f\:raphifra, after Lister 

385. IVansveine Section of Shell of Plmut 

386. Membranous hasH of ditto . . . . 

il87. V'ertieal Section of ditto . . 

388. Olditiue Section of Shell of ISnna ... 

389. Nacre of .lrir(i/n •k 

390. Section of hinge-to<'>th of ,Vva .... 

391. Vortical Section of Shtdl of (Ado . . 

392. Internal and extcntal Hurfaces of Shell of Terehratuia 

393. Vertical Seetions of ditto ditto 

394. Hori^ontal Section of Shell of 

395. Ditto ditto May rtia lima .... 

Ditto ditto of iSpiri/crma rmtruta 

397. Palate of HdLr horif.mU ....... . 

^8. Ditto of ifoHiVc# cf7/ar/iM 

399. Ditto of Troekm zhyjdthtus , ...... 

490, 1 6tto of / Ww tuherculata ....... 

401, Ditto of khiccinum, under Polanzod lisrht 

402, Paramtic I^rva* '[(MochuHum) of A noiiot*^ after Houghton . 

403, Embryonic development of Ihritj after lieid , . , . 


FAOK 

606 

607 

611 

613 

016 

618 

619 

621 

622 

625 

626 
626 
628 
028 
631 

631 

632 

633 

634 

636 

637 

640 

641 
641 
643 
645 
(>47 
648 
6.51 

656 

ff59 

661 

6.62 

667 
6f>7 

668 
668 
670 

672 

673 

674 

674 

675 
675 
675 

678 

679 

679 

680 
681 
682 
684 



LIST OF WOOD^COT ILLUSTRATIONS. 


XXXI 


404. Embryonic development of Pur^mra ... * 

405. Later stages of the 

4O0. Structure of JhUfct4i«, after Qimtrefapn 

407. Circulation of Trnbeiht, after Miine ralwanis 

40H. ActlnotnKha hrunrhltxia, after Wageiicr . . » 

400. Development of Ac awtes fr<nn Pilulutm, after Krohu. 

410. Ammiktinta pijnuxjorumhi^, alter Quatrefnges 

411. fyVoiAS after Ilaird .... 

412. Development of after Hate .... 

413. Metamornliosifl of after Couch 

414- Scale of Mirri^hft Mcuebwt ...... 

415. Scales (»f after Hoyston-Pigott 

416. Hattledoor Scale of Ihlpofiiinntv» arqun, after Cuokelt 

417. Scale of after ih'ck. . . 

4 IS. Scale of MuchU'tH polt/poifn, after Heck 

411*. Scale of curi'intUtH (toht) . . . 

420. Scale of pbbK-i/rtnn nirrbolliH ■ ordinary^ after Beck 

421. portion of /^s/n/veseah*, from Photograph by Wixalward 

422. Hairs of MtfnapiHl and Ihrmintfn .... 

423. Hr ad and f’.yes of />Ve ...... 

424 Section of I*')** of Mcbtlontba^ after Strauas-Durckheim 

425. Mirjute Structure of Kye of y^ee ..... 

426, Antenna of ( W.c/zo/tr .... 

427 Portions of ditto nn)ro highly niagnitied 

42H. Tongue «f Fhf 

420. Tongue, ^tc , of yicc . ..... 

430. Prolaihcis of \ 

431. 'Prai heul K\Htcin of .Ve^;o, after Milne- Edwards , 

432. Trachea i)f Ih/tittcun ....... 

433. Spiracle ol b'ly 

434 Spiracle of Larva of (WLrhd/a r 

43.5# l''uf4 of AV//, after Hepworth . . , . 

436. Foot of DyliHrm . . ...... 

4t-.7. Eggs of ioHijcth, after liunneister .... 

43s, Foot, with Combs, of Spidf’r . , , . , 

439. Cnlin.'iry and glutinon.s iliroadK of Sy<,V/er . 

44U. MiiiuOi structure of Hone, after Wilaon 
44L Eai'uiue of ditto, highly rnagnihi'd, after ManJl 

442. Section (4 bony Scale of LrpitloHtcm . 

443. \l|:rtical section of Footh of hamna, after Ouen . 

441. Transverse Ditto of I *r hit U ditto 

4-15. Ditto Ihtto of MylktijateS 

446 ^’erticai section of Hunuin Tooth, after Mandl . 

447. Portion of Skin of aSo/c .... 

4 IS. Se.tile of iS*>ie ...... 

44^4 Ha)r of ...... 

450. Hair of Munhdeer 

451. Hair of iSifyu/rre/ and /rtfl/nn i/a/ . . , . 

452. 'Jransverse section of Hair of /Wifrt . 

453. Structure of Jfuinan Httir, after Wilson 

454. Transverse section of Horn of jftA)'/mcero« . 

455. Blood-corpuscles of /'Vory, after Donne 

456. Ditto of Alan ditto . . . . 


680 

087 

007 

099 

701 

702 
708 
711 
718 
720 

726 

727 
727 

729 

730 
7.31 

731 

733 

734 

735 

736 
736 

739 

740 

741 
7-12 
744 

747 
743 

748 

749 

753 

754 
757 

761 

762 

768 

769 
769 
771 

771 

772 

773 

774 

775 
778 
778 

778 

779 
779 
781 
783 
783 



I^XXU 


LIST OP WOOD-CTJT ILL0STIIATIONS, 




457. Comparfttive ftissei of Ketl Bloml-corpusclcs, after Gulliver • ■ 785 

458. Alt<^r<}d White cor[>uw;l« of Homan Blood, after Ikjulo . .780 

459. FibrouR Membrane of Egg-8hell 787 

460. White Fibrous ’I'iDsue . . . . . . . .787 

461. Portion of young Tendon, showing Connective- tissue-corfuiscles, 

after Beale 78B 

462. Yellow Fibrnua Tiftsuo 788 

463. Vertical Section of Skin of Fingor, after Eckcr .790 

464. Piginont-cells of Choroid, after lb' ulo ... . , 791 

465. Pigment-cells of Twljutle, aftor .S hwnmi ..... 792 

466. F'pitheliura-celLs, fnan Miu oum Momhtane of Month, after I/cbcrt. 793 

467. flilialed Epithelium, after Mandl - .... 793 

468. Areolar and Adipo‘4o Tissn.-, after Mandl ..... 794 

469. Cartilage of I'hvr oi .XhutHr . , ... 705 

470. Cartilage of after S< hwium , , . . 79 > 

471. FollieloH of Mammary Claud, with Sei r< 9 ing C(>}lj< after Lehert . 797 

472. F ascienlus of Striated MiW' uiar l•'i^re, af.'er Maud! . 798 

473. Fihrillaj of Striated Museular Fil»re ef 7/ A . 799 

474. Fijftifonn Ceils of Non-striated Muhcnlar Fibre, after Kul like r 800 

475. Nftrvo-e.ella and Nerv*' fibres, a 0<‘r F' ker ..... 801 

476. Qelutinons Nervedihn **. ft >111 Ohaetery nerve . . 802 

477. Distributioti of Tactile Nerves itj Skin, after F< ker . 803 

478. t 'apillary Cireulation in web ot t'lUifjti foot, after Wamie; , . 806 

479. Villi of Small Intestine o! Mfuthrff . , 814 

480. f.'npillary network around Fat eelks . ... 816 

481. Capillary network of .MuNcIe ... . . 810 

482. llistrihiition of Cupilhine~. in Mucoe.s MeinUiati*' . 816 

483. I Vi8tribnti<»n of Cnplllarle.s in Skin of Finger . . 816 

484. Portion of (till of /,Vf .... .817 

485. Interior of l.ung of /'Vi >7 . , . ... Hl8 

486. Section of 1 01 nc: of /'iu/7 .... . 818 

487. Section of Ifmnon lamg .... 

4H8. Microscopic organisms in l.tvant Mod. fiftcr Vf ilfi.'uusou . 824 

489. Pifto <)irto in < dialk, afte»’ )']hn ut.erg ... . 826 

490. Pitto ditto ditfo ditto . 827 

491. Eye of Trilobiit^ after Puu kland .... 839 

492. Section of 3'ooth oi after (Hv< u . 831 

493. iNuchetV Small Miiieraiogieal Mieto.seope . 83t» 

494. Ihtto . . 838 

495. CrvRtftMijted Silver ..... . . 840 

496. Kadiating Crv.-.tulli?ati<>n ot f^antonine. .after I >n vies . 841 

497. Kadiating Crystaliuation of Sulphate of Copjxr and Magnesia, 

after l>avies 842 

498. Spiral ( ‘rystalli/ation of Sulphate of ('f>]tpcr, after Pk. Thonms . 843 

499. Artificial Concrctii'ns <»f t'arhonatc of Limoj after Kiiiuey . . 84f) 

500. Piagram illustrating Angular Aperture 851 

50t. \Vat<mn’» New Mudel MicnweojHJ ...... 855 

502. Nachet'a Object ive*carrier ... ... 857 







THE MICROSCOPE, 


(CHAPTER r. 

OrTK’AL rRTNril'U^S OF THK MICUOSCOFE. 

1, lAiU'it of li f rant ion ; — Sph^Ttml and (Viromatir Abei'rnHon, 

1. All Microscopes in ordinary use, whotlior or Com- 

inmnd^ depend for tiieir magnifying [jower on that influence exerttnl 
i»y lienHcs, in altering the course of the rays of liglit paHsing 
through them, which is termed lUfraciion,, This influence tahes 
place in accordance with the two following laws, which are fully 
explained and illustrate^ in every eh^mcntary treatise on Oprics 
T. A ray of light msHing from a rarer into a denser medium, is 
refuted townrih a line drawn porjx'ndicularly to the plane which 
^lividew them; and r<>c verm. 

IL The aotc# of the angles of incldttw and rrfractioa (that is, 
of^the angles which the ray makes with th(^ porpondicular hforn 
;md afior its refraxdion) bear t(.> one another a constant ratio for 
e.a<di substance, which is known as its indn>r of nfraHion, 

'Thus the ray K o (Fig. 1) passing from Air into Water, will not 
gf)-on to F. but will Ix) refracted towanls the line c d drawn per* 
l>cndicularly to the surface a k of tlie water, so as to take the 
direction o w. If it pass into Gloss, it will undergf> a greakn* 
refrajjiou, so as to take the direction o o. And if it j>ass into 
Diamond, the change in its course will be so much greater, tliat it 
will take the direction o n. The angle B o (' is t(?rm(j<l the * angle 
of incidence */ whilst the angles w o c^ o o c', and » o d are tm 
of refraction/ And whether the angle of incideaoe Ik* 
large or small, its sine o d bears a constant ratio in cm*© U* 
the emo ^ or g g* or d d\ of the angle of refraction ; imd this 
ratio is what is termed the * index of reftactimi/ ^ 

‘ index of refraction’ is determine^l for different medta^ by 
theomottiit of the refractive influence which th^ ex^ npon my^ 
pgiung into them, not from air, but from a vaonmu; and in ex* 
{m^ing it, the eine of the angle of refraction i« oonatdered a« tlie 
nti to wl^h that of the an^e of incidence hemre a fixed ^l»^ow 
Thus when we gay tliat the ‘ index of refraction* of Water is 
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wc moan that the wine e oi the a»gle of incidence b o c ol a ray 
t>a!i8ing into water from a vacuum, is to the sine w u>' of the angle 
of refracUon w o c\ as 13156 to 1, or almost exactly as to 1, or 
as 4 to 3. Bo, again, the index of refraction for (flint) Glass, being 
about 1*6, we mean tliat the sine c c' of the angle of incidence of a 
ray e o c; passing into Glass from a vacuum, is to the sine of (f g' 

Fio. 1. 
o 



tlu; angle of refniction g o t\ as 1*6 to 1, or an 8 to 5. Bo in the 
c.a«c of Diamond, tl^o sine e c is to the sine d d' as 2*439 to 1, or 
almost exactly as 2i to 1, or as 5 to 2. 'thus, the angle of inci- 
dence being given, the angle of refrtiction may be always found b>* 
dhidmg Die sine of the former by the ‘ index of refraction,^ which 
will give the sine of the latttjr. In accordance with these lojws, a 
ray of light jiassing from one medium to another pc 
to the surface which divides them, undergoes no refraction ; and of 
several rays entering at different angles, those nearer the rierpcn- 
dicular are refracted less than those more inclined to the ren*acting 
e* — When a pencil of rays, however, impinges on the surface 
of a denser medium (as when rays piissing through Air fall upon 
Water or Glass), some of the incident rays are reflected horn Dint 
surface, instead of entering it and undergoing refraction ; and the 
propcsiion of these rays increases with the increage of their obH- 
quitj, Henoe there is a hgg of U^M in every case in which pencils 
of rays are made to pass through lenses or nriams : and this dimi- 
nution in Die brightness of the image formea by refraction will bear 
a pro|)orti<mt on the one hand, to the number of surfaces through 
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Avhich tfee rays have hail to pass ; and on the oilier» to tho degree 
of obli<jnity of the incident ray«, and to the tlifferenee of tho iwac- 
tive |x>werB of the two nn^dia. Hence, in the pasHoge of a pencil 
of rays out of Glass into Air, and then from Air into Glass again, 
tho loss of light i» much greater than it is when womo niodlnm of 
liighet refractive |iowor tlian air is interposed between the two glass 
surfa4*eH ; and advantage is taken of Hus principle in tho coustruc- 
tion of A(!}iromatic objectives for the AlicroHcof>e. tho component 
Icnsi^s of ca di ])air or triplet (§ 14) Ixniig cemoiihvl togetW by 
(’anuda Iialsaiu;tis also in the inter|xmition of Water or some 
other liqnitl Ixitwcen tlio covering-glass of lltc object and the fjxmt 
lens of the objective, in the ‘ innnersion lenses’ now c(nning into 
general tis<‘ 19). On tho other liand, a<l vantage is taken of the 
l>ai*tial rcHoctioii of rays passing from air into glass at an oblignc 
iUiglc to Die surface of the Iatt<?r, in the construction of the 
ingenious (uon-styereoscoiuc) BinocularH of Messrs. Powell ami 
Lealaml and of Mr. Wenhain {§ 81). 

*2. When, on the otlier haiuf. a rav. w o, emerges from a denst^ 
medium inDi a rare one, iushnul of following the straight course, it 
is the iieriiendicular ixccording to t\m sanu} ratio; and 

to find the o<nirse of the emergent ray, the sine of Die angle of 
incidence must be DmWpJud by tho ‘index of refraction,’ which 
will give the sine of the angle of refraction. And thus, when an 
emergent ray falls ver^ oidigncly upon the surfaco of the denser 
medium, the ndVaction which it would sustuin in passing forth 
into the rarer uuKlium, tending as it docs to doRoct it still fartlnsr 
from the perjxuHlicular, becomes so groat that tho ray cannot pass 
out at all, and is rcH(‘.cto<l back from the plajie which soparaDis th(> 
two i%odia, into the omi from which it was emerging. Tnis hiUrmii 
reph'ium will take place whenever the product of the sine of Die 
angle of incidence, multi fdied hy the index of refrai^tion, oxciecds 
the sine of 90*^. which is tho rmlius of the circle; and therefore the 
‘ limiDng angle,* lK3yotul which an obli<pio ray sulfcrs internal 
reflection, varies for different substances in proportion to tludr 
respective indices of refraction. Thus, the index of refraction of 
Wat#r l>em^ 1*330, no ray can pass out of it into a vacuum,* if its 
angle of incidence exceed 48® 28', since tho sine h // of that angle, 
u o (/. multiplied hy 1*330 ec^uala the radius ; ami, in like raaniior, 
the ‘ limiting angle* for Flint-glass, its index of refraction being 
I'bO, is 38® 4V. — ^This fact imposes certain limits n{X)ii the per- 
formance of microscopic Ijenscs, since of the rays which would 
otherwise pass out from glass into air, all the more oblique are 

* The reader may easily make evident to himself the iuUirnftl reflection of 
Water, by nearly filling a wine-glass with water, and holding it at a hkher 
level than his <‘yo, so that ho se#‘S tho surface of the fluid obliquely mom 
beneath no obji^ct held above the water will then be visible tlirowgh it, if the 
eye >to placed beyond Uie limiting angle ; whilst tho surfoa^ itself will appear 
as if silvered, through its reflecting bk-k to tho eye tho light which falls 
H from boneftlh. 

B *2 
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kept back ; wbilat, on the other hand, it enables the Optician to 
make moat advaataffoons use (d glass Prising for the pun)oeo ot 
the proporSon of the li^t which they throw ofush being 
mabh la^er than that returned from the best polished metalHc 
surfaces, and the brilliancy of the reflected image being consequently 
grea^. Such prisms are of great value to the Microscopist for 
particular purposes, as will hereafter a])pear. (§§ 33--I18.) 

3, The Lenses employed in the construction of Microscopes 
are chiefly convex ; those of the opposite kind, or voncavc^ being 
only used to make c<utain modifications in the course of the rays 
passing through convex leu sen, whereby their performance is ren- 
dered more exact {§§ 11, 13). — is easily shown to l)c in accord- 
ance with the laws of refraction already cited, that when a bundle 
of parallel rays, passing through air, impingt^s upon a spherical 
surface of glass, these rays will be made to converge. iV)r the 
perpondicular to every point of that surfitce is the radius drawn 
from the ceiitro of the sphere to that pointt and prolonged through 
it; »o that, whilst any my which coincides with the radial peruen- 
^ ^ without change in its course towards the centre 

of the sphere ; every ray which falls ujioii the spherical surface at an 
inciinauoQ to its j^rolongcd radius, undergoes refraction in a degr(*t* 
proportionate (as already explained) to that inclination. And the 
effect upon the whole bundle will lie such, that its rays will be 
<jaused to meet at a point, called the foctLs^ some distance lieyond 
the centre of curvature. — This efiect will be somewhat modified by tin* 
jiassage of the rays into air again through a plave surfac<* of gloss, 
l*orp(uidicular to xhe axial ray (b'ig. 2) ; and a lens of this descrip- 


Fio. 2. 



P»ndkd r»ys, falliag on « piamHsonvtJc lous of glass, 
brought to a focus at the distance of the diameter of H» 
sphere of curvature; and conversely, rays diverging 
from that point, rendered pamUei. 

ti<m, called a flano^^mm lena, will hereafter be shown to i 
propertUMi which render it very useful in the construction of Micro- 
so0^s.-^But if, instead of passing through a plane sur&oe, ihe 
mjn re-enter the air through a second convex sunace, turned in the 
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<(>ppofnto dir^'^tion, as iu a dotiMe^cmvm leas, they will be made trj 
poaverge still more. This will be readily compreheaded* whea it 
is borne in mind that the contrary directiou of the setsoad suiface^ 
and the contrary direction of its refraction (this b«^ from the 
denser medinm, instead of into it), antagonize each other ; im that 
tlie second convex surface exerts an iuHnence on the coarse of the 
rays parsing through it, which is almost exactly equivalent to that 
ol the first. Hence the fomiM of ad^)tt&ie-convex lens will bo at just 
h^ the distance, or (as commonly expressed) will l>e half the length, 
of the focus of a pla uo-vouyox lens having the same curvature on 
OOP side (Fig. I?). 


Fio. 3. 



' ruralltfl rays, falling on a (iofiOle-^tvnvcx leue, brought 

lo a focus in the centre of its sphero of curvaturo ; oou- 
vtrscly, rays (hvoigiug from tliat point rouderod imralhd. 

4. '^’hc distance of the Focus from the spherical surface will 

not merely nijon its degree of curvature, but also u[>on tin* 
refracting power of the substance of which it may be formed ; since 
the iuinm* the index of refra<;tion, the U'sh will the oblique rays b(j 
deflected towards the axial ray, and the inmyt remote will he their 
point of mating; and conversely, the yrmicr the refractive index, 
the ^)ra will tlie obEque rays be deflected towards the axial ray, ami 
the nearer wiB be th«ar point of convergence. A lens made <jf any 
HxibBtance whose index of refraction is r5, will bring parallel rays 
a focti« at the distance ol its dimneter of curvature, albir 
they have passed through am convex surface (1%. 2), and at the 
distance of its radim of curvatxire, after they have pa«s<3<l through 
convex surfaces (Fig. 3) ; and as this ratio almost exactly ex- 
the refractive power of ordinary crown or plate Glass, we 
may for all pfactaeal purposes consider the * prinripal focus* (as the 
focus for parallel rays is termed) of a dotthh^coovox lens to l>e at 
the distance of its radius, that is, in the centre of curvature, and 
that of a p2ano>convex lens to be at the ^stance of twice its radius, 
that is, at tim other end of the diameter ol its sphere ol curvature. 

5. It is evident from what has preceded, that as a Donblo-oonvcx 
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parallel rajm to a focus ia its centre of cTirvature 

it WIIJ ftn +.‘kA : 


™ leiiH, its divergent niys, falling on one 

MTura^ of the lens a« a ctnn , will pass forth from its other side as 
a If, however, the rays which fall upon a double-convex 

ns 00 di verging from the farther extremity of the diameter of its 
curvature, they i-vill be brought to a focus at an oqnal 
"‘V ‘ho Ions fFifr. 4 ); but the more the 

(livergoiicc is approximated to the centre or principal focus,. 



Itays diverging from thu furthor t;xtr.m*ity of oiio diaim^tt r 
♦>l cun^ftture of a dmUtle^mnrex long, brought to a focus ut 
th(j same diBinua* on the other aide. 

the farther removed from the other side will bo the jioinb o^ con- 
rergonce (Fig. «>), until, the ]H>int of divergence Ixnng of the centre. 



iUys diverging from ^int« more distant than the principal 
on either aide, limught ton focus 
ta^yond itj the f^us of convergence being within the diameter 
^ dlreigvnoe bo beyond it ; and idee 
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tUero k no convercenc© at all, the ray« being merely rendered 
narallel (Fig. 3) ; whiltit if the point of divergence be le^nd the 
diameter of the ephere of curvature, the point of convergence will 
)>0 witliin it {Fig. 5). The farther removed the jwint of divorgoiKxs 
the more nearly will the rays approach the parallel direction : until, 
at length, when the object is very distant, its rays in effect become 
narallel, and are brought together in the principal focus (Fig.;?), 
If, on the other hand, the {K>int of divergence be 'within the jirin* 
eipal focus, they will neither be brought to converge, nor he ren- 
dert^d parallel, but will diverge in a dirninislmd degree {hhg. (>). 
And conversely, if rays almuhj conv(u'(fin(j fall upon a double- 

Fui. fi. 



IJaya alrt^ady coiivorgiug, brouj^ht tt>geth(ir by a 
i'l.arec lens at a point nearer than its pHneipaf hx'ins ; and 
niys diverging from a point within its princiiml focus, stilt 
div'erging, though in a dimiuishod degree. 

convex lens, they will be brought together at a };>oint nearer to it than 
ihs ceiftre of curvature (Fig. (i). — The satito principles apply equally 
to a plano-convex lens ; allowance being mfwie for th(‘ double dis- 
tance of its principal foe-us. 'i’hey also apply to a lens whose sur- 
faces have different curvatures ; tno principal focus of such a lens 
Iwing found by multiplying the radius of one surface by the radius 
of the other, and dividum this product by half the sum of the same 
radii .^I’he rules by which the foci of convex lenses may be found, 
for niys of different degrees of convergence and divergence, will be 
found in works on Optics. 

b. The refracting influence of concavo lenses will evidently be 
precisely the opposite of that of convex. Kays which fall uj)ou 
them iu a parallel direction, will be made to diverff^ as if from the 
principal focus, which is here called the negative focus, This will 
1)0 for a plano-concave lens, at the distance of the diameter of the 
ijphere of curvature ; and for a double-concave, in the centre of that 
sphere. In the same manner, rays which are converging to such a 
d^free, that, if nninterrupted, they would have met iu the princi- 
l>ia focus, will bo rendered parallel ; if converging more they will 
still meet, but at a greater distance ; and if converging less, they 
will diverge as from a negative focus at a greater distance thautiiat 
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ragrs. if aJhrfiady divei^jmg, trill diverge stili iBove, 
iM mm a aeg^ye foeos nearer t^an the prinmpal focus ; but this 
tmm will ai^roach the principal focus, in proportion as 
tbe ^istaonse of ihe point of divergence is such that the direction ol 
the rays approaches the paralleL 
7^ If a tens be convex on one side and concave on the other, 
what is called a mcnucuBf its effect will depend upon the 
proportion between the two curvatures. If they are equal, as in a 
watch-glass, scarcely any perceptible effect will be produced; it 
the convex curvature be the greater, the effect will be that of a less 
powerful convex lens; and if the coneme curvature be the more 
considerable, it will be that of a less powerful concave lens. The 
focus of convergence for parallel rays in the first case, and of diver- 
gence in the second, may be found by dividing the product of the 
two radii by half their difference. 

8. Hitherto we have considered only the effects of lenses either 
on a * bundle’ of parallel rays, or on a * pencil’ of rays issuing from 
a single luminous point, and that point situated in the line of it> 
axis. If the point be situated above the line of its axis, the focus 
will be below it, and vice versa. '^Fhe surface of every himinon'^ 
i>o<ly may be regarded as eomprehendjng an infinite number of sueli 
jH)intH, from every one of which a pencil of rays proceeds, to he 
iijfr^'ted in iU passage through a lens according to the laws dlreiuiy 
«r)wifiod ; so that a complete but invn-M /mage or picture of the 
tibject is formed upon any surface placed in the fVxjus and aclapU*d 
to receive iluj rays. It will be evident from what has gone before, 
that if tlte object l>e ]>laced at twice the distance of the princij)ai 
focus, the image, being formed at an equal distance on the other 
side of the lous (§ h), will be of the same dimensions wi+.h the 
object : whilst, on the other band, if the object (Fig. 7, a />) be nearer 

I’m. 7, 
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the lens, the image a b will be farther from it, and of larger dimen- 
aioiiB ; but if the object a b be farther from the lenii, the ixm^ge a h 
will be nearer to it, and fanaller than itself. Further, it is to be 
reiuarM that the larger the image in proportion to the ol^t. 
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tli0 leas b]%lit will it be, because the same amount of light has to 
be s|uead over a gieaier surface ; whilst au image that is smaller 
the object will be more biilHaut iu the same ^portion. 

A Imowledge of these general facts will ename the learner to 
understand the ordinary action of the Microscope ; but the instrQ> 
ment is subject to certain optical imperfections, the mode of 
remedying which cannot be oomprehendea wi^out an acquaintance 
wiili their nature. One of these imperfections results from the 
unequal refraction of the rays which pass through lenses whose 
curvatures are equal over their whole surfaces. If the course of 
the rays passing through an ordinary convex lens be carefully 
laid down JFig. 8 ), it v^l be found that they do not all rrmi 

Fkj. >< 
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iuracihj in the foci fUready stated ; but that the focus y of the rays 
AB, AH, which have i>a 8 Hed through the marginal portion of the 
lens, is much closer to it than that of the rays a h, o />, which are 
nearciLthe line of its axis. '^I’his may be shown experimentally, hy 
* stopping ont’ either the central or tlie marginal j>ortion of the 
lens; for it will then bo found that the rays which are allow w to 
pass throtigh the latter alone form a distinct image af r ; whilst 
those which pass thniugh the foniier alone form a distinct 
/. Hence, if the whole ai>crture be in use, and a screem Ui held m 
the focus F of the marginal portion of the lens, the rays which Imve 
passgjl through its central portion will bo stopped by it before they 
nave come to a focus ; whilst, if the screen be carried back into the 
focus / of the latter, the rays which were most distant from the axis 
will have previously met and crossed, so that they will come to it m 
a state of divergen<j<% and will jiosh to r and d. In cither case, there- 
fore, the image will have a certain degree of indistinctness ; and 
there is no one point to which all the rays can be brought by a 
single lens of spherical curvature. The distance f/, between the 
focal points of tW central and of the peripheral rays of anj lens, 
is termed its Spherical Aherration.—lt is obvious that the desireil 
effect could be produced by such an increase of the curvature round 
the centre of the lens, and such a diminution of the curvature 
towards iti? circumference, as would make the two foci cj^cident. 
And the refiuisite conditions may be tbeoretically fulfilled by a 
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laas, om ol wkose snrfaoeM, ixusteiid bemg &pl)€rical» is d 
powni fd m ellipsoid or hyperboloid of eerfcain proportions. But 
the difficulties in the way of the mechanical execution of lenses of 
this descriptioa are such, that for practical purposes this plan of 
construction is altogether unavailable ; besides which, thexr per- 
formance would only be perfectly accurate for parallel rays. 

10. Various means have been devised for reducing the aberration 
of lenses of spherical curvature. In the first place, it may be kept 
down by using ordinary lenses in the most advantageous manner. 
Thus the abeiratLon of a Flano-convex lens whose convex side is 
tuzned towards parallel rays, is only l^y^ths of its thickness; 
wldlst, if its plane side be turned towards them, the aberration is 
4J- times the thickness of the lens. Ifence, when a plano-convex 
lens is used to form an image by bringing to a focus parallel or 
slightly-diverging rays from a distant object, its co«r«.t; surface 
should be turned towards the object ; but, when it is used to render 
parallel the rays which are diverging from a very near object, its 
plants surface should be turned towards the object. The single lens 
liaidiig the least fij)heri<^a] aberration, is a lloublo-convex whose 
radii are as one to st,f, : when the flattest face of this is tamed towards 


parallel rays, the aberration is nearly dj times its thickness; but 
when it 
tion is 
further 

the lens, HO as to employ only the rays that *pass through it.s central 
j)art, which, il sutticieutly small in ])rop(>rtiou to the whole sphere, 
will bring them all to nearly the same focus. Such a reduction is 
made in the Object-glasses of coimuon (uon-achromatic) Miero- 
800 |>eh ; in which, whaitjver be the size of the lens itself, the greater 
j»ortion ot‘ its surface is rendered inojK*rative by a stop, whicn is a 
plate with a circular aixjrture inter}K)H(Hl betw(^en the lens and the 
rast of th^ instrument. If this aperture l)e graiUialiy enlarged, 
it will l>e stHJn that, although the image l>ecnmes more and more 
ilhiminateil, it is at the same tim(? becoming more and more 
indistinct; and that, in order to gain defining power, the ai>erture 
must be reduced again. Now, this reduction is attended witit two 
apoat inconveniences: in tiie first place, the loss of intimmy of 
%ht, the degree of which will depena upon the quantity transmxttfKl 
by the lens, tmd will vary therefore with its aperture ; and, secondly, 
the diminution of the Angle of Apeiinre, that is, of the angle a h c 
^Fig. 10) made by the most diverging of the rays of the pencil 
issuing from any jxoint of an object, that can enter the lens and talft^ 
part in the formation of an image of it ; on the extent of which 
angle (as will be shown hereafter) depend some of the most important 
qualities of a Microscope. 

II. The Spherical Aberration may l»e approximately corrected, 
however,^ by making use of eon^imttions of lenses, so ^sposed 
that their opposite aberrations shall correct each other, whilst 
mognifying power is still gained. For it is easily seen that, as 


8 most convex side ret^eives or transmits them, the aborra- 
only I^Liths of its thickue.s8. —Spherioal Aberration is 
dlmiuisbed by reducing the aport-uro or workintr-nurface of 
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the abenratioii of a concave leni is just tiie opposite of that of a 
convex lims, the abermtioii of a convex lens placed in its most 
favourable position may be corrected by that of a concave Itms of 
iiinch less power in its most unfavourable position; so that, 
although the power of the convex lens is weakened, all the rays 
wMch pass though this combination will be brought to one focus* 
It is thus that the Optician aims to correct the Spherical Aberration, 
in the construction of those combinations of lenses which are now 
employed as Object-glasses in all Compound Microscopes that are 
of any real value as instruments of observation* But this correc- 
tion is not always perfectly made: and tlie want of it becomes 
evident in the fog by which the distinctness of the image, and 
trspecially the sharpness of its outlines, is impjtirod ; and in the 
oidola, or false im^es, on each side of the best focal |x>iut, which 
impair the perfection of the principal image, and can be themselves 
l>roiight inUi view when pro]H*r means are nH(^d for their detec- 
tion * The skill of the best cemstructors of Microscoj>ic objectives 
has }>coii of late years Kuccessfullv exerted in the removal of the 
‘ reffidual orrors’ to which these cldohi were due; so that objectives 
of the largest angular an(jrtiire are nf>w iniule tnily (tplanatiCi the? 
corrections for Sphoriciil Aberration being applied witii a perfection 
which was formerly Hupposc<l to attainable only in the case of 
( objectives of sniali or moderate aperture. Htill, the difficulty {and 
tlie cousetiucnt cost) of f>roducing such ohjectives, constitutes one 
out of many reas<mK for the preference of ohjectives of moderati^ 
ai^erture, in which the correction for Spherical Aberration can btj 
«yisily made complete, for all tiuj ordinary puqioses of scientific 
investigation (§17). 

l‘A liut H])herical aberration is not tlm only difficulty with which 
the Optician has to contend in the construction of Micro»coj)e8 ; 
for one equally serious arises from the nuf'qual rufrn ngihiliiy of 
the several Cofoured rays which together make upAV^hite Or colour- 
less light, t so that they are not all brought to the same focus, even 
by a lens free from spherical aberration. It is this difference in 
their refraugibility, which causes their complete separation or ‘dis* 
persionj by the rrism into a Bpectruvi; and it manifests itself, 
though in a l(?8s degree, in the image formed by a convex Ions* For 
if parallel rays of white light fall upon a convex surface, the m)8t 
refrangible of its comjxinent rays, namely, the violet, will lie brought 
to a focus at a |>oint somewhat nearer to the lens than the princmal 
focus, which is the mean of the whole ; au<l the converse will be 
true of the red rays, which are the least refningible, and whose focus 
will therefore be more distant. Thus in Fig. 1), the rays of whitt? 

• See Dr. lU)y6toii Pigott’a description of Ki« ‘ Besreher for Aplwiatic 
Images ” and its uses, in the ‘‘ Philos. Transact” for 1870, p, 59. 

f Ithaabeen deeniod better to aiihere to the ordinary phraseology, when 
speoJemg of this fact, as more generally intelligihle than the language m which 
it might he more scientihcally described, and at the same time leading to no 
praeticat error. 
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whikt ike red rays are not Ijronght to a focns until i)» crostdng th« 
^vergent violet ray« at k e. llie fwi of the intermediate rays of 
the gpectrum (indigo, blue, green, yellow, and orange) are inter- 
m^iate between these two extrcmoK. I'he distance c i) between 
the foci of the violet and of the ml mys respectively, is termed 
Chromatic Ahenufion. If tlie image he received upon a screen 
pkeed at c- - the focus of the violet rays — violet will predominate 
m its own colour, and it will be sarroiinded by a prismatic fringe 
in which blue, green, yellow, orange, and red may l>e successively 
distinguishe(l. If, on the other hand, tlie screen be placed at B— 

the focus of the red rays the image will have a predominantly 

r^ tint, and will be surrounded by a series of coloured fringes in 
inverted Qrder, formed by the other rays of the spectrui^ which 
liave met and crossal.* The line e k, which joins the points of 
intersection between the reil and the violet rays, marks the ‘mean 
focus/ that is, the situation in which the coloured fringes will lx.* 
narrowest, the ‘ disjierHiou’ of the coloiireil rays Ix^ing the least. A s 
the axial ray a! undergoes no refraction, neither does it snstain 
any disiiennon ; and the nearer the rays are to the axial ray, the 
less dispersion do tht‘y suffer. Again, the more oblique direc- 
tion of the rays, whether they pass through the central or the 
peripheral portion of the lens, the greater will he the refraction tliey 
undergo, and the greater also will be their disjx^mon ; and thus h 
happens that when, by using only the central part of a lens (§ 13), 
the chromatic alierration is reduced to its minimum, the central 
port of a picture may be tolerably free from false colours, whilst its* 
marginal portion shall exhibit broad fringes, as is well seen in the 
pictures exliihited by non-achromatic Oxyhydrogen-Kicroscopes. 

• This «x|^ni6ut is best tried with a leas of long focus, of which the 
oiUitnd psrt is oovcrt>d with an opaque stop, «o tlmt the light passes only 
thiengh » peripheral riug ; aiaco, if its whole aperture be in use, the regular 
ferma^bii of the fringes is interfered with by tho itpktrical abeimticui, which 
gives# difheivnt focns to the mys passuag through each annular zeme. 
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13. OhTomatiG aberr^ticm of a Ions, like tiws Bpkeri- 

eal, may be dminkbed by the eonl^iion of its s|>eiWe, to 
only its eenbral portion is 6m|4oyad, the error cannot be got tid cd 
eatirdy enoh redaction, which, for the reatont alr^y 

mentioned, is m itself extremely nndetirable. Hence it is cl the 
iret imporbinee in the ooimtraCQbii of a really MicroscQ|M, 
th^ the oimanatic abemtion of its Ob|eQt*glasm fin wh^ 
principal dispersion is liable to occur) simuld oe entirely cormM, 
HO that a lat^ aperture may be pven to tiiese lenses without the 
production m any false colours. No such correction can be accom- 
plished, even tii^retically, in a single lens ; but it may l>e effected 
by the combination of two or more, advantage being taken of the 
different relations which the refractive and the dimei'ulmi powers 
bear to each other in different substances. For if wo can unite 
with a oonmji lens, whose dispersive power is hm as compared to 
its refractive power, a concave of lower cuiTature, whose disjMsrsive 
power is relatively high^ it is obvious that the dispersion of tlie 
rays occasioned by the convex lens may be cffectiuuly neutralized 
by the oppomte dispersion of the concave (§ 6) ; whilst the refract- 
ing power of the convex is only hweml by the opposite refraction 
of the concave, in virtue of the longer focus of the latter.— Nf» 
difficulty stands in the way of carrying this theoretical corrfKjtibn 
into practice. For the ‘ di8}>ersivo’ jxiwer of /in^glass l>ear8 so 
much larger a ratio to its refractive power than does that of enmu^ 
glass, that a convex lens of the former whoso focal length is 71 
inches, will produce the same degree of colour as a convex hms of 
crowu-glass whose focal length is 4jt inches. Hence a concave lens 
of the former material and curvature will fully correct the disper* 
sio%of a convex lens of the latter ; whilst it diminishes refnw*- 
tive j)d^er to such an extent only as to make its focus 10 inches. — 
A |>erfect correction for (Chromatic Aberration might tims be 
obtained, if it were not that although the extreme rays — ^violet and 
red — are thus brought to the same focus, the dispersion of the rest 
is not equally compeusated ; so that what is temed a mmndarn 
epecfrnm is produoeil ; the images of objects, espwially towards the 
margi^of the field, being bordered on one side with a purjdefnnge, 
and on the other with a green. In the best ooustimctied4C<»iibin£i- 
tions, liowever, whether for the '^I’elescope or the MiciM>8C0|)e, the 
chromatic emir is scarcely ]>ercentiblo; the a^rratious d the 
objective being so arranged as to be almost entirely <H»np6iiUiate<l 
by the opposite aberrations of the eye-piece (f 27). 

^ 14. It was in the Telescope that the principle of correction for 
Chromatic dispersion, whicii had been theoretically devised by 
Biller and other mathematicians, was first carrie<i mto practical 
application; an Achromatic object-glass having been eot^meted 
in 17ii3 by Hall, and a more perfect combination having been 
worked out in 1757 by DoUond, whose system, known os the ‘tele- 
scopic triplet/ remains in use to the present time. This triplet con- 
sist of a double-concave lens of flint-glass, interposed l>etween two 
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ilqubIe*ooliyex leases of cnwa; sacb carres beiag givea to l^ir 
mpeotiTe mufaces, as serve almost entirely to eartaagaish aot oaly 
tie Clmaaatic, bat the Spherical aberration, in the case of rays 
proceeding from dl$tani objects, which fail on the surface of the 
ob^ct-glass in a direction that is virtually faniUd. These rays 
form an image in the ‘principal focus’ of the object-glass, the size 
of which vanes with its distance from the lens ; magnifying power 
l:)dbg thus gained by lengiltsniiig the focus of the objective.— -In 
the fecroscope, on the other hand, the conditions are altogether 
dijSerent. For the object-glass receives rays which diverge very 
widely from a near object, and the size of the image formed by 
their convergence depends upon the proportional distances of the 
object and the imago from the lens (§ 8) ; magnifying power being 
thus gained by shotierdmf the focus of the object-glass. And the 
chromatic and spherical al>errations resulting from the incidence oi 
diverging rays can only Ikj fairly corrected by a single-triplet com- 
bination, when its focus i.s long (giWng a low magnifying power), 
and the divergence of those rays mcxlerate, so that the angle of the 
aperture is small. 

15. It has only been in comparatively recent times that the con- 
struction of Achromatic ol^ject-glasscs for Microscopes has been 
found practicable ; their extremely minute sizis having been thought 
to forbid the attainment of that accuracy which is necessary in the 
adjustment of the several curvatures, in-order that the errors of 
each of the separate leosi's which entt^rs into the combination, may 
be effcictually balanced by the of)posito (?rrors of the rest. 

. . first successful attempt was made 

ill this direction, in the year I82.'h 
i>y MM. SelHgues and (’heyabiLr, of 
; the plan wliich tlu^y adopted 
being the combination two 

pairs of lenses, each pair con- 
Histing of a double-convex crown - 
glass, a plano-concave of dint. 
— I n the following year, Mr. Tulley . 
of London, without any knowledge 
of what had been ac<x)mplished in 
Paris, applied himself (at the sug- 
gestion of Dr. Goring) to the con- 
struction of Achromatic objoct- 
HHHHIiHliHHH glasses for the Microscoj>e; and 
Seeiioiiofim Achromatic Objects succeeded in }>roducmg a single 
glass, oompoecd of three pairs of combination of throe lenses, on the 

the corrections of 

combination, however/ was 
not of high power, nor of lar^ 
angular aperture ; and it was found that these advantages csouTd 
not be gamed without the addition of a second combination,— 
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Pi^. Amici ai aiso, who had attempted the ocmstructioa 

microsccmc object-daafies as early as 1812, but, despainng of 
had turned ms attention to the application of the nifiedin^ 
principle to the Microscope, resumed liis original labours on hear- 
ing of the success of MM, Selligues and Chevalier ; and, by work- 
ing on their plan, he produced, in 1827, an achromatic combination 
which surpassed anjA^hing of the same kind that had been pre- 
viously executed. And these were soon rivalle<i by the objectives 
produced in I^ndon by Andrew Ross and Powell. 

16. It was in tliis ^untry that the next important improvements 
orimnated ; these being the result of the theoretical investigations 
of Mr. J. J. Lister, ♦ which led him to the discovery of certain pro- 
perties in Acliromatic combinations that liod not been previously 
detected. Under his guidance, Mr. James Smith, soon followcil by 
other Opticians, snccooded in producing combinations far sujierior 
to any which had Wn previously executed, both in extent of aper- 
ture, flatness of field, and completeness of correction ; and con- 
tinued progress has been since made in the Hanuj direction, by 
the like combination of theoretical acumen with manipulative 
skill. 

17. The enlargement of the Angle of A{H;i*tnre, and the greater 
eompleteness of tin? corrections, first obtained hy the ivdojition of 
Mr. Lister’s principles, s(K)n rendered sensible an imperfection in 
the performance of these.lensos under certain circumstances, which 
had previously passed unnoticed ; ami the iini>(>rtaiit discovery was 


Pio. 11. 
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imih hy Hr, A. tiiat » olmmis dSllerm»e exi«t9 m tlm 

preouioa ol ^ ima^ accordmg w tbe object is tiewed, 

ft ememu ol tide or thin glusfi ; m Otjeet^glass wlii^ is 
ner(e<^y adftpiea to either of the»e ccmditions, sensibly 

aefeoUre Uie other. The mode in which iMs difference 

mxm IB explained by Mr. Boss* as follows :— Let o (Fig. 11), be any 
noint of an object ; o r the axial ray of the pencil that diver^ 
tram, it; and o t , o two diverging rays, the one near to, the 
Oth«^ remote from, the axial ray. Now if o o o o represent the 
section of a piece of thin glass intervening between the obie^ 
and the object-glass, the rays o t and o will be refracted in their 
passage throuj^ it, in the directions T n, t' k'; and on emerging 
from it again, they will ptiss on towards k and k'. Now if the 
course of these emergent rays bo trace(’ backwards, as by the 
dotted linee, the ray u n will seem to have issued from x, and the 
ray b! from y ; and the difference x y. which is called ‘ negative 
abcrrafion/ is quite sufficient to disturb the previous balance of the 
aberrations of the composite lens of the obiect-glass. The recjnisite 
correction may be effected, as Mr. lioss ]X)mtpd out, by giving to 
the front pair (Fig. 1) of the three ol wdiieh the Objoctive is 
composed, an excesM oi ‘ positive aberration’ (?.c., by under-correct- 
ing it), and by giving to the other two pairs (2, Jl) an excess of 
‘negative aberration* (/.t., by over-correcting them), and by making 
the distance between the lormer and the latter susceptible of altera- 
tion by means of a screw collar (§140). For when the front pair is 
approximatetl most nearly to the other two. and its distance from 
the object is increastMl, its positive aberration is more strongly 
exerted upon the otlujr j^airs than it is when the distance lietween 
the lenses is increased, and the distance between the front j^aijiftand 
the object is diminished. Consequently, if the lenses have"T>een so 
adjust^ that their correction is perfect for an uncovered object, 
the approximation of the front lens to the others will give to the 
whole combinatiiUi an excess of positive aberration, which will 
neutralize the negative aberration occasioned by covering the object 
with a thin plate of glass. — This correction will obviously be more 
important to the perfect jwrformauce of the combination, th^i larger 
is its angle of aiwrturo; since the wider the divergence of the 
obhquo rays pnm the iixial ray, the greater will be flie refraction 
which they will snstain in passing through a plat© of glass, and the 
^ater therefore will the negativ© aberration produced, which, 
il uueoxTocted, will seriously impair the distbetness of the image. 
It 18 consequently not required for l<m powers, who©© angle of aper- 
■^r© IS comparatively small, nor for tned^mn powers, so long as 
^eir angle of aperture doe© not exceed b0°; and even objectiv^ of 
l-4th of m inch focus, whose angle of aperture doe© not exceed 75®, 
may be made to perfonn very wfil without adjustment, if their cor- 
rectaons be originally made perfect for the average thickness of gl^« 

• " TmudactioDE of the Society of Arts,** Vol li. 
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ta com objects o£ the Smst kind* And obsjeotim ol mneh 
luiflicr power imd liur^r angle of apeitare (especially suited for 
Btode&w MicroiK>opes)» are now conf^meted so as to wmk a^ir* 
aMy without adjustaeut, being corrected for a sbsudard thlcbiess 
as 0’0(^ or O’OOd inch— -of the glass covers supi^ed by their 
makers. BucYi non-adjusting objedaves* when loss than l-8wi inch 
locu^ are best constructed on the * immersion* system {§ 10). 

IB! For many years the l)est Microscopic objeciaves of mtKlerate 
and high magnifying power were made l>y combining thnM> suiter- 
posed ]>airs of increasing focus and tiiameter (as in^g. 10), each 
consisting of a double-convex lens of crown-glass partly achroma- 
tiased by its own concave ot Hint; the two ap|>08ed surfaces of 
each Iw'ing of the same curvature, and cemented together by 
Oanaaa balsam. Various mmlifications of this arrangement, how- 
ever, have been iutrixinced at various times and by various 
constructors ; some proceeding in the direction of simplification, 
whilst others have aime<l at the greati^st attainable jx^rfection, 
irrespective ot (‘omplcxity and constructive difficulty. It is obvious 
that there are gn'at practical advantages on the side of any 
rednriimi in the number oi component leiiscH, that is compatible 
with the good i>erformance of the combination : liability to error, 
as well in the curvinl surtiK-es, as in the centiirmg and settingof 
each, being thereby diminished, while tlxTe is a like diminution in 
the loss of light whicl^ occurs whent*ver the rays pass out oi 
one medium into another (S 1). But, on the other hand, it stx*ms 
certain that the highest tneoretical fH^riVx'tiou can be attained 
by an increase in the number of component lenses ; so that, if the 
errors in workmanship are kepi down to the lowest possible |X)iDt, 
the^l^ormance of su<h complex combmations may Ixj mode 
su[)enor to that of simpler ones.— The first imixirtanl change in 
the direction of simjdification, consisted in the replacoment of the 
/rmi< combination by a plano-convex of crown. This suhsti- 

tiition, which seems to have been first devised by Amici, has lw>on 
very generally adopt(*d ; a greater working distance from the objwt 
(whicn is very important in the case of the highest fiowors) being 
attain^le in this construction, than wlien the front is either a 
doublet or a triplet combination. But most makers who have used 
this method, have added a lens to the hark combination, making it a 
* telescopic triplet,* still using a doublet in the middle ; and admirable 
objectives on this construction (each consisting of two Hint concave 
and four convex lenses of crown, with twelve surfaces in aJI) have 
been made by the best Opticians — English and American, k’rench 
smd Oerman. — A further simrdificatian has l>ocn recently carriecl 
into effoct by Mr. Wenham ; who has shown* that the whole colour- 
correction may be effected in the middle lens by a double concave 
of dense fixnt between two convex lenses of crown, the back lens 
an well as the front being a single plano-convex of crown. Thus 
one double concave lens of Hint is made to correct the chromatic 
* “Proceodingeaf Eoyal Society,” VoL xxl p. lit 



18 


OraCAL IPEIl^OUPIiES OF THE MICROSCOPE. 


lottr*cdiivcx surfaces of crown, the total number (i 
s^ftcei being reduced to ten. There i« a further advantage in this 
d oonst^ctioii, that no chaaoge of the front lens is nee^ to 
the ccimbiiiatbn to be usm as an ‘immersion’ objective 
(§ J®), 11*8 requisite aijij^^stment being effected by the screw-coBar 
used for cover-oomction.—There can be no doubt that objectives 
m moderate angular aperture may be made on Mr. Wenham’s 
S}ISt8Xu« 80 as to (jombine great excellence with combative cheap* 

1 I^t it does not seem equally suitable for hrst-dass objeotivos, 
for their greatest eficiency the widest attainable an^plar 
^Fhese have uauallv be^ made to consist of a front 
a mid^ doublet, and a back triplet, thus having ei^U 
Janass in all, with surfaces. But the first-class oonsf^ctors 
In tho tTult^ States {notably Messrs. Tolies, Spencer, and Wales) 
have added to these a single tront plano-convex of crown, by means 
of which a longer working distance has been obtained ; whilst the 
esiraordinary excellence of their workmanship (only attainable, 
however, at a very high cojd) has given to these very complex 
combinations a perfection of ^>erformtmce, which, to say the least, 
is unsurpassed by that of any objectives ccmstructed for uise in th© 
ordinarv manner, which in now distinguished as dry. 

1&. It was long since pointed out by Amici, that the introduction 
of a drop of water lietween the front surface of the objective, and 
eltiiw the objject itself or its covering-glass, would diminish the loss 
of light resulting from the passage of tHe rays from th© object or 
its cqvemg-glass into air, and then irom air mto the object-glass. 
But it is obrfous that when the rays enter the object-glass from 
water, instead of from air, both its refractive and its dispersive 
action will be greatly changed, so as to need an importent^on- 
sti*aotiv© modi&ation to suit the new condition. This raodmcation 
seems never to have been successfully effected by Amici himself ; 
and his idea remained unfruitful until it was taken up by Hartnack 
and Nachet,'‘^*ho showed that the a}>plicu.tion of what is now known 
as the Ivinwritwn^f<y»tetn to objectives of high |>ower and large 
angular aperture is attended with many advantages not other- 
wise attainable. For, as already minted out (§ 1), tlie loss^/jf light 
Increo^ with the obliquity of the incident rays ; so that when 
oteectives of vmy wide angle of ai>erture ore used ‘dnr,’ the 
advances of ite increase are in great degree nulliffed by the 
reffection of a lar^ proportion of the rays falling very obliquely 
upon the peripheral portion of the front lens. When, on the other 
Imd, rays of the same obliquity enter the i>eripheral portion of the 
iena from water, the loss by r^ection is greatly reduced, and the 
benefit derivablefrom the large aperture is proportionally augmented. 
Again, the ‘immeimon system ’ allows of a greater working distance 
between the objective and the object, than is otherwise attainable 
with the same extent of angular aperture; and this is a great 
advantage, not merely in regard to convenience in manipulation, 
but also in giving a greater range of ‘ penetration* or ‘focm depth.* 
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If^rtber, the o^rver is rendered less dependent npon Uie exiMineis 
in the correction for iixe thickness of the covertng^gliMs, wHoh is 
needed where olnectives of lar^ angle ore used ^ dry ;* for as the 
amotint of * negafive aberration^ (§ 17) is far smaller when the rays 
which emerge from the covering-daes pass into water^ than whm 
they pm into air, Tsnations in its thickness produce a much less 
distolmg efect. And thus it is found praoUcslIy that ‘ iminer- 
SMui • objeeyTCs can be constructed with magnifying powers stfcfll*- 
<aently high, and angn^ mrtum sulhcientlT hu^ie, for aH the 
ordinary purposes of sdieniim} investiualion, wi&out any neoeSsify 
for oover^justment; hang originaify adapted to give ^ best 
resnlts with a covert-glass of suitable thinness, 
twm fnm this in either direction ocoaskming very htthi 
ti<m in thar perfonnanoe. For * water^ixnmersioa ^ otjectives of 
the very largm aperture, however, to be used upon the most 
diMcult objects, exact cover-correction is still ne<Miiw«iry .---Whilst 
* immersion ’-objectives constructed on the original plan can only 
be employed * wet * (that is, with the interposition of water), Messrs. 
Powell and Lealond— followed by other makers — have so arranged 
their combinations, that by a change in the front lens th<^ may be 
used ‘ dry,’ as in the ordinary manner. And in Mr. Wenham’s 
system not even tliis change is required, the change from * wet’ to 
‘ dry,’ and nice eersd, being accomplished by an alteration in the 
distance of the front leys from the middle triplet, made by the 
Hcrew-collar, os in ordinary cover-correction. 

20. The 'immersion system* has recently undergone a still 
further development, by the practical application of a method 
originally suggested by Mr. WWham^ (but never carried by him 
into«®igration), and independently suggested by Mr. Stephensouf 
to ProlT Abbe of Jena, under whose scientific direction it has been 
worked-out by the very able German optician, Zeiss, with complete 
wuecess. I’his method consists in the replacement of the water 
previously interposed between the covering-glass and the front 
surface of the objective, by a liquid having tne same refractive and 
dispersive power as crown-glass ; so that the rays issuing at any angle 
from upper plane surface of the covering-gla^, snail enter ™ 
plane front of the objective without any change either by refraction 
or dispersion, and without any sensible loss by reflection —even the 
most oblique rays proceeding in their undefiected course, tmtil they 
meet the convex back surface of the front lens. It is obvious t^t 
ail the advantages derivable from the system of water immersian 
are obtainable with still greater completeness by this system of 
homogmeom immersion, provided that a fluid can be found which 
meets its requirements. After a long course of experiments. 
Prof. Abbe found that oil of cedar-wood so nearly correimonds with 
glass, alike in rehactive and in dispersive power, that it serves the 
purpose extremely well, except when it is desired to take special 

* ** Monthly Micro8C(micsi Joomiil,” Vol. fit (1070), p, S08. 
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lil the motit divergent or marginal rays, oil of fennel 
being ttim preferable. Objectives of ^th, Xth, and inch focal 
le«ig& have been conetmcted on this plan by Zeiss ; and it appears 
certain that by its means a larger angle oi aperture can be 
elEbo^vely obtained, than on any other constniction. Wheth^ 
any tests can be resolved by its use, on which other objectives fail, 
is a point not yet satisfactorily determined. But there can be no 
that the system of ‘homogeneous immersion * will greatly 
liellitate the use of objectives possessing the largest angular 
and. capable of affording the highest magnifying poww, 
1&e ordinafy pnipose of scientihc rei^arch. It is pr^iiely in 
tl^iwiae d snch otrjectlvea, that the ‘cover-correction* needs to be 
inM nxact^ And although the practised Mkroscopii^ has no 
InCMfy in making this, when the object at which he is looking 
(iMi as a Diatom, a Podura-scale, or a band of Nobert*s ruled 
j«M) la to him, yet the case is ontirdy different when the 

oh|Bet is altogether Mnhmvn, P'or in examining such an object, 
h# may be only able to satisfy himself after repeated trials, 
involv^g much e^>enditurc of time and patience, as to the cover- 
omeotioii which gives the truest representation of the object; whilst, 
m ttfring a ' homogeneous * or * oil-mimersion * objective, he is able 
to fad an a-bsolute certainty tliat, without any adjustment at all, 
the view which he gains of an unknown object is in every respect 
at least equal to tWt which he can obti^ from the l>e8t ‘ dry * or 
* water-unmersion ’ objective, most exactly adjusted for thickness of 
Cover.^This system has been taken up also by Messrs. Powell and 
Iieahuad, who liave constructed admiraole * oil-immersion’ objectives 
rmogmg to l-2iith inch focus, which, by a cliange of the front lens, 
may afi»o be used ‘ dry.’ 


21. We ^ now prepared to enter upon the application of the 
C^tical piiuciples which have been explained and illustrated in 
the foregoing pages, to the construction of Microscopes. These 
mm distmgttished as Simph and Cowpmiml; each kind having its 
naculiar advantages to the Student of Nature. Their essential 
difference consists in this ;-~that in the former, the rays light 
v^ioh enter the eye of the observer proceed directly from the 
itself, after having been subjected only to a change in their 
course f whilst in the latter, an enlarged inm^e of the object is 
Annned by one lens, which image is to the observer 

by another, as if he were viewing the object itself. — The Simple 
l&orosoope mmj consist of a dngle lens ; but (as will be presently 
shown) it may be formed of fico, or even three: these, nowever, 
being bo disposed as to produce an action upon the rays of 
OOtresponding to that of a single lens. In the Compound Micrcn 
se^, on the other hand, not less than two lenses nvuet be em<- 
plfyed t to form the enlarged image of the object, immediately 
over which it is placed, and hence called the ohjed^glaes ; whilst the 
o^er again magniBes that image, and, being inteiposed between it 
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and the. eye of the observer* k called the A ^rfect Object- 

^a««, as we have seen, mast consist of a combinatioii of lenses t 
and tlie Eye-glass is liest combined with another lens interposed 
between itseli and the obi^t-glass, the two togetlier forming what 
is termed m (§ S7).— Tlieae two kinds of Inirtifumont need 

to be sepamteiy considered in detail* 

2* Slmph 

22. In oidbr to gmn a dear notion of the mode in ishich a Single 
serves to minute d^jeetsy it as necesiiiry to revert 

to the nh^mmena ^of ordinary TimoiL An Ikne frm any 
delect has a eonsiderahle power of ad|nsting in sneb a 
maainer as to gain a distanct view of objects |&esd at extremely 
varying distanoes ; hut the image fonn^ u^n ^ retina wiU <n 
couine vary in mm with the dhtoce of object^ and the amount 
ol detail perceptible in it will follow tlid same nroporilon. I'o 
ordinary eyes, however, there is a limit within wmen no distinct 
image can be formo»l, on acooant of the too great divergence of the 
rays of the different pencils which then enter the eye ; since the 
eye is usnaHy a»Japtod to receive, and to bring to a focus, rays 
which are parallel or but slightly divergent. This limit is variously 
stated at from 5 to 10 inches ; but though there arc doubtless many 
persons whose vision is good at the shorter range, yet the lonuer 
IS probably the iml limit for persona of ordinary vision ; wno, 
though they may an object much nearer the eye, discern little 
if any more of its details, what is gainetl in size l)oing lost in dis- 
tinctness, Now the utility of a convex lens mten)OStMi betwticn a 
netyr^'wli^ect and the eye, consists in its ni<luciag tne divergence of 
the rays foniiing the several j)encils which issiio from it *, so that 
they enter the eye in a state of mo<lerate divergence, as if they 
haa issued from an object beyond the nearest limit of distin^ 
vision, a well-defined picture l)eing thus formed upon the retina. 
Not only, however, is the course of the several rays in each pencil 
altered as regards the rest, but the course of the pencils thomsolves is 
clmnged, so that they enter the eye under au angle corresponding 
with that under which they would have arrived from a larger object 
uitiiated at a greater (bstance ; and thus the picture formed upon ^e 
retina by any object (a h, Fig. 12), corrcsjKJnds in all respects wi^i 
one which would have bkm made by the same object incr^sed in 
its dimension to a b, and viewed at the smallest ordinary distance 
of distinct vision. A * short-sighted * person, however, who can 
only see ol^'ectg distinctly at a distance of two or three inches, ^ 
the same power in his eye alone by reason of its great canyejdty, 
SM that wt^h the person of ordinary vision gains by the assistant 
cl a convex lens wmch shall enable nim to see at the same distaiK^ 
with equal distinctaess. It is, evident therefore, that the magnb 
lying power of a single lens, dej^ding as it does upon proper- 
tion hkween the dktence at which it renders the object visible, ami 
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mmy times the f<x»l len^h of the Icub is contained in ten inches ; 
since, in order to render the rays from the object nearly parallel, it 
must be placed nearly in the loous of the lens (Fit?. Jl) ; and the 
moturo is referred by the mind to an object at the ordinary distance. 
Ihns, if the focal len^h of a lens lie one inch, its magnifying power 
for each dimension will be 10 times, and conse<iuently 100 super* 
fidal ; while if its focal distance bo only one-tenth of an inch, its 
ma^ifying power will be KK) linear, or 10,000 superficial. 

JBut the shorter the focus ol the magnifying lens, the smaller 
must be the diameter ol the sphere of which it lonns pa»<rf and, 
unless its aperture be proportionately reduc(*ti, the distmetness of 
image will bo destroyed by the spherical and chromatic aber- 
fatious (§§ 9, 12) necessarily resulting from its high curvature. 
Tot notwithstanding the loss of light and other drawbacks atten- 
dant on the use of Single Ltmses of high power, they proved of 
great valuo to the older Microscopists (among whom Leeuwenhoek 
should 1)0 specially named), on account of their freedom from the 
errors to which the (hmpouud Microscope of the old construction 
Was necessarily subject ; and the amount of excellent work done by 
means of them surprises ereiy one who studies the histoiy of 
Microscopic inquiry. An important improvement on the single lens 
was iiitrodnced by Dr. Wollaston, who devise^l the iionh}'f4, still 
known by his name ; which consists of two plano-convex lenses,, 
whose fo^ lengths are in the proportion of one to three, or nearly 
iO, having their convex sides directed towards the eye, and ihe lens 
ctf shortest focal length nearest the object. In Dr. W.*s original 
oomhination, no perforatetl diaphr^pn (or ‘ stop *) was interpewed ; 
sad distance between the lenses was left to be detennined by 
in each case. A great improvement was subseouently 
ii|ikde» however, by the introduction o! a * stop * between the lens^ 
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(cN^Many wlkai a wy alwrfc lo<mi ii ro(|iiii^)« m m ^ mm a 
M fi»it «agg«i8^ by Mr* Holl»id.^ Wb<ni ooiaUaiMiiQM of 
ttutt jci!^ are well ooBs^racted* both the tpheiioal wed , the dhitaiiatio 
abemtiona are ao maoh reduoadytha^ the an^e of aBertora laay be 
ooaeid^biy enkrged without much nacriSeo o! ditoetuewt ; ami 
ticuca for all aare very low toowm» su^ * doublM ^ aud * kipleta * 
a^ far aupeiior to amgle Unms, Thm combiualiana tooir the 
l^ce of aiugle leawes, among Mioroec^piM (in thia eouatry at leant) 
who were prosecutiag minute investigatioiie in Anatomy and Fhy- 
siology pnor to the vaat improvemeate effected in the Compound 
Microscope by the achromatirathinof ite olnect^glaeeee {§ 15) ; and. 
in particular, the admirable ronmrehes of Dr. mkarp<^,f on dUm'y 
Off ion in Animals (Itl30-Ji5), and Mr. Henry Slack’s beautiful dissec- 
tions of the elementary tissues of Plants, as also his excellent observa- 
tions on Vegetable cychttui (lblU),t were made by their means.— The 
perfomiance of even the best of these forms of 8im[>le microscope, 
however, is so far inferior to that of a good (’omjwund microscope, 
as now constniotod, that no one who has the command of the latter 
form of instrument would over use the hUjket' powers of the former, 
And os it is for the prosecution of observations, and for the carrying 
on of dissections, which only nnniiro hw i>owers, that the Himple 
microscope is chiefly nee<led, the Wollaston doublet has now almost 
gone out of use, ^ 

24. Another form of Simple magnitior, possessing certain ad- 
vantages over the ordinary double-convex lcu«, is that commonly 
known by the name of the ‘ ('(xldington’ lens.^ The first idea of 
it was given by Dr. Wolhwton, who pro]x>Med to apply two piano* 
or hemispherical lonses by their plane aiiles, with a ‘ stop* 
interposed, the central aperture of which sho\ild be equal to l-5th 
of the focal length. The grtjat oil vantage of such a lens is, that 
the oblique i)encilH pass, like the central out^s, at right angles to 
the surface, so that they are but little subject to aberration. ITie 
idea was further improved-uivm by 8ir 1). Brewster, who jKunted 
out tbat the same end wo^ild l>e much better answered by taking a 
gphewi^ of glass, and grinding a deep groove in its equatorial part, 
which should l>e then filled with ojm(jue matter, so as to limit the 
central aperttire. Huch a lens give.s a large field of view, admits 
a ooimiderable amount ofjight, auddn equally good in all directions ; 
but its |>ower of definition is by no moans equal to that of an 
acliromatic lens, or even of a doublet. I’his form is chiefly useful, 
tbarefore, as a Hand-magnifier, in which neither liigh power nor 

• “ Transfictious of tUc Society of Art«,‘’ Vol. xlix, 

f Bee bit Article Cilia in the Cyclop*^ of Anatomy and Physiology,*' 
sad the mfereiicee tinder that head in the Index to the present worit 

I Bee his Hemoir, with two beantifn! Plates, in the ^ TransactioiMi of the 
Society of Arta’* Vol xlix., pp. 6, 7, 

f Has name, however, is most inapjpTc^wiate { sintse Mr. Ooddington neither 
WM, iMw ev«y okimed to he, the inventor of tl» mode of conetrwetion which 
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perfect definition is required ; its peculiar quaHties rendering it supe* 
nor to an ordinary lens, for the class of objects for which a hand- 
magnifier of medium }X)wer is required. M any of the magnifiers sold 
m * Ooddington’ lenses, however, are not really portions of spheres, 
but are manufactured out of ordinary double-convex knees, and are 
l^ierefore destitute of the special advantages of the real * Codding- 
tom* — * Stanhope* lens somewhat reeemblee the preceding in 
f^i^arance, but differs from it essentially in properties. It is 
nwiing more than a double-convex lens, having two surfaces of 
unequm curvatures, separated from each other by a considerable 
^nofenesa 0i glass ; the distance of the two surfaces from each other 
being ^ adjusted, that when the most convex is turned towards the 
0 m, minute o^ects placed on the other surface shall be in ilm focus 
tbe kns. TOu is an eaey mode of applying a rather high magnk 
pmer to ecales of butterflies* wings, and other similar flat 
tma w which will readily adhere to the surface dt the 

jjphes; and it ako serves to detect the pres^ce of the larger ani- 
miiteaks or crystals in minute drops of fluid, to exhibit * eels* 
i to Of vinegar, Ac., Ac.— A modified form of the * Stanhope’ 
leiiUi# to which the surface remote from the eye is plane instead of 
oonveXf has lieen brought out to France under the name of * Stan- 
Inmeope,’^ and has bwn especially applied to the enlargement of 
mtonto pictures photographed on its plane surface in the focus of 
its convex surface. A good ‘ 8tanho8coi>e,’ magnifying from 100 
to 150 diameters, is a very convenient forfh of hand-magnifier for 
the recognition of lliatoms, Infusoria, Ac. ; all tliat is required 
betog to place a minute drop of the liquid to be examined on the 
plane surface of the lens, and then to hold it up to the light.* 

For the ordinary purposes of >Iicroscopic dissection 
lefum of from 3 inches to 1 mch focus answer very well. BuTwhen 
higlier powers are required, and when the use of even the lower 
powers IS continued for any length of time, great advantage is 
oexived from the einployuiont of Achromatic combinations now 
made ejmressly for tins purjicse by several Opticians. The writer 
has worhed most satisfactorily for several years with the * pl^y- 
acopic lens,* magnif^g alxmt 15 diameters, made by Mr. gown- 
ing, who makes similar combinations of 20 and 30 diameters. And 
he can speak equally favourably of the ‘ Steinheil doublets* (con- 
structed tfy the eminent Munich optician of that name, and intro- 
duced into this country by Messrs. Murray and Heath), of which 
there am six,, taring from 2| inches to f incn focus. The Browning 
aito toe Steinheil combinations give much more light than single 
h^ses, with much better defi^nition, a very fiat field, longer worktog 
distance (which is very important to minute dissection), and, as a 
cunaequence, greater ‘focal depth* or ‘ penetration*— i.€. a clearer view 
of toose parts of the object which lie above or below the exafOt local 

» Jss ♦* Quart Joaro. of Miorose. Science,” Vol. vi., N.S. {1866), p. jMSS.— 
0f ilif gtwnkcNMK^ies jwld by Toy-desiers at a very low price, only a part are 
mtoSy Servioeable ; care is requisite, therefore, in the selection. 
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pkiie. And ozilj those who, l^e the writer, have earned on a pieces 
of minute and difficult dissectiott through several consecutive hours, 
can appreciate the advantage in comfort and in diminUM fidlgm 
i)f eif€, which is gained by the substitution of one of these Achro- 
matic combinations far a single ieua of equivalent focus, even 
where the use of tLe former reveals no detail that is not discernible 
by the latter, 

3. Compo^ind MimmGope4 

'26. The Ckwnponnd Microscope, in its most simple form, oonaisiH 
of only two lenses, the objed-masH and the The former, 

c i> (Fig. 13), receives the Hj^t-rays direct from Ihe object, a b, 
brought h|to near proximify to it, and forms ananlarged hut mmrM 
and reverted image, Af n', at a greater distance on the other wide (§ 8) ; 
whilst the latter, h w, reoeivee the rays which are diverging from 
this imagei, m il they procee^ from m abject aotuaHy oo(^ying 
its posi^o^ and to its dimensions, and hflngs these to the 

^eat E, sa alteiing w^r oemrse as tom^ that hna^ ajipear far 
laiwer to eye, psedtsely as in the case of the Simple mimiscope 
(§ 22).— It k obviotts that, ia the use of the very same lenses, a 
ooxisiderahle variety of magnifying power may he chtained, by 
merely altering thSr position in regard to each other and to the 
object: for if Qie eye-glass be carried farther from the object-glass, 
whilst the object is apnroiimated nearer to the latter, the image 
a! b' will be l&wmed at a^eater distance from it, and its dimensions 
will consequently he augmented ; whilst, on the other hand, if the 
cye-gloss he brought nearer ^ the object-glass, and tlie object 
removed farther from it, the distance of the image be a much 
smaUgr mtdti|de of the distance of the object, and its dimensions 
proporaona^y diminished. We shall hereafter see that this mode 
of varying ^e magnifying power of Compound Microscopes may 
be turned to good account in more thmi one mode (§§ 83, 84) ; but 
there are iim& to the use which can l>e advantageously made of it. 
— The am|dification may also he varied by altering the magnifying 
power of the Eye-glass; but here, too, there are hmits to the 
increai^ ; since defects of the object-glaes which are not per^p- 
tifale ^en its image is but moderat*:Iy enlarged, are brought inw 
injurious foeniinmice when the imperfect image is am|diaed to a 
much greater extent. In practice, it is generally found much Witer 
to vary tl^ power by employing object-glasses of diffierent foci : an 
object-glaes cl hn^ focus forming an image which is not at many 
times the:diiAaiice df the object from the other side of the lens, and 
which, therefore, is not of many times its dimension ; whilst an 
object-glass of sAorf focus requires that the obj€^ should be »o 
nearly approximated to it, that the dis^oe of tlie image is a mach 
higher multipie of the object, and its dimensions are prit^rtiona^ 
laiger.-*--ln whatever mode increased amplification may be obhune^ 
two things must always result tom tlm change : the pro^rthm of 
Hie surface of tto object of which an image can be lonned must be 
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^balltiidied ; And tlie quantity of light »pmd over that image must 
he inoportioiuibly lessened. 


Fif». 18* Firt. 14. 



2>legiciiik of simplast form of Dttgnuu of complete 

C1wn | MSi i «l Omiomd Miertmope* 


lit addittou to ^e two lenses of which the Compoand 
IfiMAOiM essmittaliy consists, it is loTtnd advant^eons to mtro« 
mmm {»t# Fig* 14), betwemi the ol^eot-glaes and the image 
ftihvtted hy it; the pttr|>OBe cd this lens bemg to change the coarse 
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of the rayB in such a maaner^ that the image may be fomcHi of 
dimensions not too great for the whole of it to oome within the 
range at the Eye-glass. As it thus allows more of the object to be 
seen at once, it has been called the ^^Id^ghus ; but it is now usually 
considered as belonjping to the ocular end of the mstrument~--the 
m6*(}lam and the n^glme being together termed the EpfMiim*, 
y arious forms of this Eye-piece have been proposed by (fifferent 
Opticians ; and one or ancdher will Ij© prefenm, acoording to the 
purpose for which it may be required. TW which it is most advan- 
tageous to employ with Achromatic obieot^ghuuiest to the perform'^ 
once of which it is desired to give the greatest postilde effect, is 
termed Hm Mumkendan ; having been em|doyed by Hnyghens fer 
his teidso<mee, amxongh without the knowledge m all the advan- 
tages widen its best eonstmction renders it of affording* It 

consists ai two idano-oonvet lenses (a M am t v, 1%, with 
their plane sides towards the eye ; these are placed at a distal^ 
equal to half the sum of, their focal lengths { mr/to speslc with 
more preelsimi, at half the sum of the focaflength at the eye-i^ass^ 
and or tlie distance from the hold-glass at wmoh an Image of the 
object-glass would be formed by it. A * stop* or dii^mgm, » », 
must he placed between the two lenses, in the visuaT fbcra of the 
Eye-glass, which is, of course, the position whermn ^ image of 
the object will Ije formed by the rays brought into oonveigeace by 
their passage through^ the field-glass, — fiuyghens devisM this 
arran^ment merely to diminish Fio,16. 

the Spheiical abcfnntion; but it 
was subsequently shown by Bos* 
conch thatt^ Chromatic msper- 
sioi^yas also in great part cor- 
rected by it. Since the introduc- 
tion of Achromatic ol^ect-glasses 
for Compound Miorosco^>eH, it has 
been further shown that nearly all 
error may be avoided by a slight 
over-correction these; that 
the %lue and red rays may be 
caused to enter the eye m a parallel 
&^tion (though not actu^y co- 
incident^ and thus to produce a 
ookurless image. Thus let N m v 
(Eig. 15) represent the two es^reme 
rays of three pencils, which, with- 
out t^ field'glass, would form a 
bhte image convex to the eye-glass fl||H|[||||||P|||^^ 
at B nnd a red one at k b j then, j^ctiou ot Mug^utnitM 
by the interventloii of the field- to <iver-coi»»«t«d Acwro- 

a bine image, concave to msfio Ob^wcfi. .^. * * 

^ ^e-glass, is form^ at b^, and a red one at x »- 

of the Eye-glass is shorter for blue rays than for red rays by just 
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iha iSisSkfreme in tlie place of these miages» their rays, alter refraction 
by it^ ^ter the ere m a pa*rallel dir^tioxi, and produce a picture 
ii^ from false cmoar« If the object-glass had l^n render^ per- 
fectly achromatic, the blue rays, after passing through the field* 
glass, would have been brought to a focus at h, and tlxe red at r ; so 
&iat an error would I)e produced, which would have been increased 
instead of being corrected by the eye-glass. Another advantage 
of a weB^constmcted Huyghenian eye-piece is, that the image pro- 
diiood by the meeting of the rays after passing through the field-glass, 
is bv it rendered concave towards the eye-glass, instead of convex, 
so every part of it may be in focus at the same time, and tlie field 
of view thereby rendered fiat,* — Two or more Huyghenian Eye- 
pieces, of difierent magnifying powers, known as A, B, G, <fec., arc 
usually supplied with a Compound Microscope. The utility of the 
higher powers will mainly dej>end upon the excellence of the Objec- 
tivea; for when an Achromatic comhmatiou of small aperture, which 
is su&ciently well corrected to |>oH‘orm very tolerably with a ‘ low’ 
or * shallow^eye-piecie, is used witli an eye-piece of higher magnify- 
ing power (commonly sjxoken of as a ‘ deeper’ one), the image may 
lose more in brightness and in definition tlian is gained by its 
amplificatiou ; whilst the image given by an Objective of large 
augular aperture and very |>erlect correction, shall sustain so litfle 
loss of lignt or of definition by ‘ deep cy e-pie rciug,’ that the increase 
of magmiying |)Ower shall Ixi almost clear |rain. Hence the mcxlos 
in which different Objectives of the same power, whose performance 
with shallow eye-pieces is nearly the same, are resjwctively aftected 
bjr dbop oye-pieces, afford a good test of their resjHX^ve merits ; 
amoe wiy aefect in the corrections is sure to Ihj brought out by the 
amplification of the image* wlulst a deficiency of apgj^ure 
is mauifiNitod by the want of light. — The working Microscopist will 
gaamtsHy find the A eye-piece most suitable, B being occasion- 
ally m^oyod when a greater |>ower is required to separate details* 
wauatC and others still deeper are useful for the pur|) 08 e of testing 
ik0 mmdness of Objectives, or for special investigatiotiB reiiuiring 
li%hest amplification with Objectives of tlio finest equality. 
Wliail great penetration or ‘ focal depth’ is required, low Objof tives 
8*4 4)^ Eye-pieces will often be found convenient. 

mi ftr viewing large fiat objects* such as transverse sections of 
Wc^^Obap, IX.) or <2 j^hinus-spines (Plate ir. Pig. 1), under low 
npg&ujying powers, the l^e-piece known os KeUner'e may be em- 
poynd wiw adyanta^. In ws constmotion, the field-glass, which 
ueuWe-oemvex fens, is jdticed in the focus of the eye-glass, 
tlie interposition of a diaphragm ; and the eye-glass is an 

* who dosiro to gifiu more iofonnstaon upon this sabjoci than they 

esa from the above notice of it, may be referred to Mr. Vnrley’s hivesfigalion 
o| J|rt> pronertiea of the Hoyghenuui Eye-pioce, in the 61«t votome of the 
the Boeloty of Arts;” ana to the article *MieroBCO|i6,” by 
J^. Roan, in the ^Penny Cydopadla,” leprintod, with ad^thmi^ in tim 
^IhigiNh Cyetopmdia.” 
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achromatic oombinatioii of a plano-concave of Bint with a doable* 
convex of crown, which is 8%htly under-corrected, «o aa to nou- 
traJliase the over-correction jriven to the Objectives for use with 
Huyghenian eye-pieces (§ 27). A Bat well-illuminated field of as 
much as fourteen inches in diameter may thus be obtained with 
vejy little loss of li/^ht ; but, on the other hand, there is a certain im- 
pairment of defining power, which renders the Kellner eye-piece 
unsuitable for objects presenting minute stnictural details ; and it 
is an additional objection, that the smallest speck or smear u|y>tt 
the surface of the field-glass is mtide so unjdeasantly olmous, that 
the most careful cleansing of that surface is reipiire^l every time 
that this Eye-piecc is used. Hence it is better fitted for the occa- 
sional display of objects of the characttjr already specified, than 
for the omina^ wants of the working Microscojast. 

29. A solid Eye-pieco made on the principle of the ‘ Stanhope* 
lens (§ 24) is soTuetimes uHe<l in j)lace of the ordinary Huyghenian, 
when nigh magnifying power is required for testing the f>erform- 
ance of Objectives. The lower surface, which has the lesser con- 
vexity. serves as a ‘ field-glass wliiist the imago fonned by this 
is magnified by the highly convex up])er surface to which tne oye* 
is applied; the advantage supposed tf> be derived from this con- 
struction lying in the abolition of the plane surfaces of the two 
lenses of the ordinary eye-picce. A ‘ f)ositive’ or Romsden's Eye- 
piecjc - in which the fie^-glass, whoso convex side is tumofl up- 
wards, is placed so much nearer the eye-glass that the image 
forme<l by the Objective lies Wow instead of alxive it, — was for- 
merly used for the purfH)He of Micrometry; a divided glass being 
fitten in the exact plane occupied by the image, so that its scale 
and44at image are l>oth magmfied together by the lenses interposed 
l>etween them and the eye. The same end, however, may bo so 
readily attained with the Huyghenian eye-piece (§ 91), that no 
essential advantage is gained by the use of that of Ramsdon, the field 
of which is distinct only in its centre. 

4. Stereosmpic BinocHhir Muroscojx:, 

SO.Wlie admirable invention of the Sicreoseope by Professor 
Wheatstone, has led to a general appreciation of the value of the 
cmijoint use of both eyes in conveying to the mind a notion of the 
mild of objects, such as the use of either eye singly does not 
generate with the like certain^ or effectiveness. And after several 
attempts, which were attended with various degiws of success, the 
principle of the Sterecmcojie has now been applied to the Micro- 
scope, with an advantage which those only can truly estimate, who 
(like the Author) have been for some time accustomed to work with 
the Stereoscopic Binocular ♦ upon objects that are peculiarly 

• ft has tieoeiiie ueoeaiwry to distinguisb tt© BinoenUr MicreNicoi»e Which 
ghres true Sfmmctjpie effects by lb© coiuWoatiou of two dlsrimilsr jpicturew, 
ftwa « Binoeuhir which simply ©nabies us to look with both eyes st imsges 
which sre essentially i^ti^f (§ 81 ). 
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adapted to ite jpowera. As the reeult of this application cannot W 
rii^y understood without some knowledge of one of the fnnda- 
nmw principles of Binocular vision, a brief account of this will 
be here inirodnc^. — All vision depends in the Brat instance on the 
lomation of a j^ctnre of the object upon the retina of the Eye, just 
as the Oamera Obscum forms a picture upon the ground glass 
placed in ^be locus of its leus. But the two images that are formed 
by the two ^es respectively, of any solid object that is placed at 
no great dis&nce in front of them, are far from being identical; the 
perspective projection of the object varying with the point of view 
from which tt is seen. Of this the reader may easily convince him- 
by bolding up a thin l>ook in such a position that its back shall 
he at a moderate distance in front of the nose, and by looking at 
the book, first with one eye and then with the other ; for he will 
find that the two views he thus obtains are essentially different, so 
that if he were to represent the book as he actually sees it with 
each eye, the two pictures would by no means oorreiMx>nd. Yet on 
looking at the object with the twf> eyes conjointly, there is no 
confusion lajtwcen the imagt>H, nor does the mind dwell on either 
of them singly ; but from tlie blending of the two a conception is 
giun^ of a solid projecting body, such as could only be otherwise 
aiO(]uired by the sense of Touch. Now if, instead of looking at the 
solid object itself, we liKit with the rUjhf and Ivfi eyes respectively 
at pirinreti of the object, corresponding tp those which woxild be 
formed by it on the retinae of the two eyes if it were place<l at a 
moderate distance in front of them, ami these visual pictures are 
brought into coincidence, the same comx'ption of a solid projecting 
form is generate<l in the mind, as if the object itself were there. 
The Btereoseoiie— whether in the forms originally devised bjj^^rof. 
Whaaistone, or in the jxipular nuMlification long Hulwequcntly in* 
trodnced by Bir 1), Brewstt^r — simply serves to bring ti) the two 
eyes, either by rt^tloxion from mirrors, or by refraction throiigh 
prisms or lenses, the two dissimilar pictures which would acciirateJy 
represent the solid object as seen by the two eyes respectively; 
th^se being thrown on the two retina) in the precise positions they 
would have oecupietl if formed there direct from the^'solid 
Object, of which the mental Image {if the pictures have Wn (!or- 
reotly taken) is the precise counterpart.* Thus in Fig. Id the 
uj^per pair of pictures (a, k), when combined in the Stert‘OHco|)e,t 

• Alihongh it is a comps mtivclv easy nmttor to draw iu oailins two dif- 
femitt pftfiwctire projwtioos of a uotnnotrical 8oli<t such as those winch ore 
wi|il««oiitoa in Fig. 1C, it would, have been quite impossible to delineate laud* 
ioaiMNii, huihhtigs, tlgnrea, Ac., with the same preci»im ; and the Bten)o$c(^ 
weiM wver have oMain^ the npprociation it now enjoya, but for the ready 
UMsaai aapplied by of obtaining aimultaneofua pkiurea, perfect m 

tMr paiiqMciive, and tmthml in their lighta and shades, from two differeiit 
poiutl of view no afdacted as to give an effective Stereoecopio ccsnbinatkm. 

t eomhiiiatiQu may be made without the Stereoeoope, looking at 
tliM figm ue with the am of tine eyea brought into conveigrace upon aeome* 
what UMOur pointy »o that a is made to hkll on b, mid c o» n. 
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the idea of a projeciht^ truncated Pyramid, with the 
«izna[l square in the oentre, and the four Bides sloping equally 

Fm. in. 



away from it ; whilst the combination of the lower pair, c, d (which 
are identical with the upper, but are tnunsferred to opposite sides), 
no lees vividly brings to the mind the visn^ conception of a re- 
t'vding Pyramid, still with the small square in the centre, but the 
four sides sloping equally towards it. 

31. Thus we see that by simply crossing the pictures in the 
Stereoscope, so as to bring l>cfore each eye the picture taken for 
the olj^er, a ‘ conversion of relief ’ is produced in the resulting solid 
image ; the projecting parts being made to r<‘cede, and the receding 
brought into r<dief. In like manner, when several objects are 
combined m the same crossed pictures, their apT)arent relative dis- 
tances ore reversed ; the remoter being brought nearer, and the 
nearer carried backwards ; so that (for example) a Stereoscopic photo- 
graph representmg a man standing in front of a moss of loe, sh^l, 
by tl% crossing oi the pictures, make the figure appear as if im- 
Imded in the ice. A like conversion of relief may also be made 
m the case of actual solid objects by the use of tlie r»mtdmcope} an 
instrument devised by Prof. Wheatstone, which has the effect of 
revmiBing the perspective projections of objects seen through it 
by the Wo eyes respectively ; so that the interior of a basin or 
jfily-mould is made to appear as a projecting solid, whilst the 
exterior is made to app^ noUow, Heiioe it is now customary to 
speak of stereosr^tc vision as that iu which the concej>tion of the 
true natural rdief of an object is called-up in the mind, W tl^ 
normal combination of the two perspective projections formed of it 
by the right and left eyes respectively j whilst by meudomfme 
nmon, we mean that * conversion of relief * which^ is ^umuoed by the 
combination of two remr^ed pcnqiecrive projections, whether &e8e 
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b0 0 hkamed directly imm tEe obj^t {as by the Feendosoope), or 
iwm * crossed ' pictures (as iu the Sterec^oo^). It is by uo means 
0 ^ery solid object, however, or every pair of stereosc^ic pictures, 
which bo^me the subject of tms oouversiou, degree of 
f acihty wifh wl^ the ^ converted' form can be apjp^umded by the 
liOud, ippeam to have great influence on the re^Snees with whicii 
chan^ ia producea. And while there are some objects — the 
interior m a plaater mask of a face, for example— which can always 
be ‘oonyerted' (or turned ineide-out) at once, there are others 
which resist such conversion with more or less of persistence.* 

S2. Now it is easily shown theoretically, that the picture of any 
projecthuff object seen through the Microscope with only the rifjhf- 
hand half of an objective having an even moderate angle of aper- 
ture, must differ sensibly from the picture of the same obiect 
received tlnrough the Z^/i^-hand of the same objective ; and further, 
that the difference between such pictures must increase with the 
angular aperture of the objective. This difference may be prac- 
tic^y made apparent by adapting a ‘stop' to the objective, in 
such a manner as to cover either the ri^ht or the left naif of its 
aperture ; and by then carefully tracing the outline of the object as 
seen through each half. But it is more satisfactorily brought into 
view by taking two IMiotograpliic pictures of the object, one through 
each lateral half of the objective ; for these pictures when properly 
paired in the Stereoscope, give a magnified image in relwf, bringing 
out on tt large scale the solid fonn of Uie* object from which they 
were taken. What is needed, therefore, to give the true Stereo- 
soopic ix>wer to the Microscop€\ is a means of so bisecting the cone 
of rays transmitted liy the oi>jeotive, that of its two lateral halves 
one shall l)e transmitUHl to the right and the other to the eye. 
If, however, the image thus formes.! by thern/Zd half of the objeclavo 
of a Compound Microscope wore seen by the ri(/ht eye, and that 
formed by the hft half were seen by the Itift eye, the resultant 
conception would be not Mnro8m}nc but ; the pro- 

jecting parte being made to ap|xmr reoetling, and vice versd. Tho 
reason of this is, that as tho Micro8coi>e itself reverees the picture 
(§ 2fl), the rays proceeding through the ri<fM and the /<j4^/hand 
h^res of the objective must be made to cross to the hfi and the 
TMhi ©y©8 respectively, in order to corresjiond with the direct view 
of the object from the two sides ; for if this second reversal does 
not take palace, the effect of the first rovers^ eff the imam prt>duoed 
by the Microscope exactly corresponds with that product by the 
* Oioasing ' of the pictures in the Stereoscope, or by that reversal of 
the two perspective proiectious formed direct from the object, which 
is by the Faeudoscope 31). It was from a want of due 

i^lipreeiatioQ of this principle (tno truth of which can now be prac^ 
Cwly demonstrated, § 3B), that the earlier attempte producing 
a Stereoscopio Binowar Mlcroseofie tended rathm: to producea 

V For a htBir dhMUirion of ihlB subject, see tlie Attlhor^s « tfcntsl Physio- 
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‘pacod^pie ocmvemoa* of the objects iriewed by it, thm to re* 
pieseiittlwmmliieirtTOe relief. 

j Sierei^i^opic first retjly satisfactory 

solutoon of the problem was that worked-out by MM. Naohet ; 

Bmocalar was coastmcted on the method shown in 
eig. 17, The cone of rays issning from the back lens of the 
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Arrangement of Prisme in Kacliet’s Btoreosootnc 
Binocular Microscoi>c. 

objective meets the flat surface of a prism (p) placwl above it, whose 
semon is an equilateral triangle ; and is divided by reflexion 
wi^in this prism into two lat(;ral halves, which cross each other 
in ite interior. The rays a b that form the right half of the cone, 
impnujring very obliquely on the internal fsc<5 of the j^rism, suffer 
toty reflexion (§ 2), emerging through its left side perpendicularly 
to its surface, and therefore undergoing no refraction ; whilst the 
rays y forming the left half of the cone, are reflected in lik<^ 
manner towards ^e right. Each of these pencils is received by a 
lateral prisi^ which a^n changes its dire^ion, so as to render it 
pmUei to its original course ; and thus the two halves a h and 
a ir of the original pencil are completely sejmrated from each 
other, the former being received into the left-hand body of the 
^^rosoope (Pig. 18), and the latter into its right-hand body. 
These tw) bodies are parallel ; and, by means of an adjusting 
screw at their Imum, which alien the distance between the central 
and the lateral prisms, they can be separaied-from or approximated 
towards each other, so that ih 0 distance bcftwecn their axes can be 
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bvmight inixt esmst commdence mtk tlie diotaaice ike axei» 

^ ejm dt iadiinidiial observer.— Tii» gives true 

Stereofloojf^ projectioii to the 
coujoiiit izuage formed by the 
menial fusion of the two dis- 
tinct pictures ; and with low 
powers of moderate angular 
aperture its performance is 
highly satisfactory. There are 
however, certain ^whacks to 
its general utility. First, 
every ray of each pencil suffers 
two reflexions, and has to pass 
through four surfaces ; this 
necessarily involves a consider- 
able loss of light, with a fur- 
ther liability to the impairment 
of the image by the smallest 
want of exactness in the fonn 
of either of the prisms. 
Hecond, the mechanical ar- 
rangements requisite for vary- 
ing the distance of the bodies, 
involve an additional liability 
to dcfrangemont in the adinst- 
ment of the prisms. Tiiinl, 
the instrument can only be 
used for its own sj^ecial 
^ purpose ; sf> that the ob- 
server must also l>e pro- 
N»chet'» IJiiioniU. vidod with M ordinary nin- 

gle-bodied Microscope, foi^the 
examination of objects uusuitid to the powers of his Binocular. 
Fourth, the parallelism of the bodies involves paralleHsm of the 
axes of the observer's eyes, the maintenance of which for any 
length of time is fatiguing. ,j. 

34. Wtiiityxm'n Bimcidar , — Ail these objections are 

overcome in the admirable arrangement devised by the ingenuity of 
Mr. Wenhaui ; in whose Binocular the cone of rays proceeding up- 
wards from the objective is divided by the inteiposition of a prism 
of the peculiar form shown in Fig. 19, so placea in the tube which 
cames the objective (Figs. 20, 21, a), as only to interrupt one half, 
c, of the cone, the other half, a ft, going on continuously to ^e 
eye-pieoe of the principal or right-hand body R, in the axis of which 
im objective is jnaced. The interrupt half of the cone (f%, 19, 
a), on its entrance into the prism, is scarcely subjj^ted to any 
sinoe its axial ray is perpendicular to the surface it 
; but wit^n the prism it is subjected to two at b 

whmh send it forihogmn obliquely ill the line 4 towards the 
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^ye^pi&ceci iiie oeoondfiary, or lefi iiand 

liody (^. 20, 1*) ; »nd ikoe at its esier* ||||||||||||||^^ 
gonoe its axial ray is again psrpen- 
oienlar to the enrite of the l^iass, it 
enffers no mm refraction on {passing 
out of ^ prism than on entering it. 

By this arrangement, the image re- 
ceived by the ri{flU eye is formed uy the 
rays which have passed throu gh the Ufi 
of the objective, and have come 
on without any interruption what* 
over; whilst the imago received by 
the left eye is formed by the rays whicn 
have passed through the ri^fld half of 
the objective, and have been subjected 
to two reflexions within the prism, 
ptMising through only Uco surfaces of Won!h«n*i PrismT 

glass. The adjustment for the varia- 
tion of distance between the axes of the eyes in different individuals, 
is ma^le by drawing-out or pusbing-in the eye-pieces, which am 


Fic. 20. Flo. 21. 
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mCMTod meaim ot a miilled-haad, aa shown in 

ilthoii^ it may be objected to Mr. Wenham*s 
Ait 1HI tiie ra^ which pass through the prism and are 
into the secondary body, ^averse a longer dis- 


f Aan tmiee whieh passion nninterrupt^y into Ihe principal 
pltture tomed bv them will ^ somewhat larger than 
wihim is formed by the other set ; and (2), that the picture 
IMMrii fay the ^ys which Imve been sabjacted to the action of the 
ipiil imist be inferior in distinctness to that formed by the unin- 
tsiri||^bsd half of the cone of rays, — these objections are found to 
haws 400 {wactical weight. For it is well known to those who have 
eif^ltoontod npon the phenomena of Stereoscopic vision (1), that 
difbztnoe in the size of the two pictures is no bar to their 
pSSsfi^ combination ; and (2) that if one of the pictures be good, 
Sia fuD ^ect of relief is given to the image, even though the other 
niotima be faint and imperfect, provided that the ouuines of the 
latter aro sufficiently distinct to represent its j^rspective projection. 
Hence if, instead of the two ecjually Juilfynod pictures which are 
obtainable by MM. Nachet’s original construction, we had in 
Mx. Wenhame one good and one indifferent ])ictxLTe, the latter would 
be decidedly preferable. But, in point of fact, the deterioration of 
the second picture in Mr. Wenham’s arrangement is less consider- 
able than that of Intfh pictures in the original arrangement of 
MM. Nochct ; so that tne optical perfi^rnianco of the Wenham 
Binocular is in every way superior. It has, in addition, these fur- 
ther advantages over the preceding the greater comfort in 
using it (especially for some length of time together), which results 
from the convergence of the axes of the eyes at their usual angle 
for moderately-near objects; that this Binoculsjr arrange- 

ment does not necessitate a special instrument, but may be apphed 
to any Microscope which is cajpable of carrying the weight of the 
sdOOttdi^ l>ody ; the prism being so fixeil m a movable name that 
it may in a moment bo taken out of the tube or replaced therein, 
so that when it has been removed, the prinycijHii body acts in every 
respect as an ordino^ Microscope, the entire cone of rays passing 
umntermptedly into it ; and third, that the simplicity of con- 
struction renders its derangement almost imp(»»»if)lc.* 

85, 8ie}ihemon*s Binontlar , — A new form of Stereoscopic Bino- 
cular has boon recently introduced by Mr. Stephenson, f which has 
certain advantages over both the preceding. — The cone of rays 
passing upwards from the object-glass, moots a pair of prisms 
(a a, l^. *^) fixed in the tube of the microscope immediately above 
the posterior combination of the obiective, so as to catch the l^ht- 
raya on their emergence from it; tnese itdivid*^ into two halves, 
* The Author osnnot sUow this opportauity to pasa vriihout expressiog his 
SMMW of th© Ubendity with which Mr, Wenham fi^ly nrosentf^d to the Bnbiio 
tinli httpartani invention, by which there can be no doubt thst he ndght have 
Ismly profited If he had chosen to retain the excltudve right to it 
f^Monthly Mlcrosooplcal Journal,** VoU Ir. p870), p. 61, sud V<A vii* 



BlNOUyXAH. 


37 


•'each wltich in tm^iocted to mteraal 
r^eetion £rm the iunest side of th^ pmm |||||||||||||||||||^ 
thioogh wMeh it painieii ; and slight 
sepftsutioa of the two prisms at th<^ 
tipi^ end, gives to the two pendls b b, 

.a oivergenoe which cfurioH th^ Ihroogh 
two oh!iqtiely>placed bodies to their re- 
i^pective eye-pieces. By this internal 
red^^tion, a lateral reversal is produced, 
which autagoniiRes the lateral reversal of 
the Microscopic image; no that each 
eye receives the image i'onnoil by its own 
hal! of the objective, in the }x)sition re- 
quired fur the production of Stereoscopic 
relief by the mental combination of the 
two. Ah is e^^ually 

divided by the two prisms, and its two 
halves are similarly acted-on. the two pic- 
tures are equally illuminaUMl. and of the 

same size ; while the close appniximation BBBBBBBB^^^B 
of the prisms bj the back lens of the Stephens m s JUnocukr 
objective enables even high powers to IVisms. 

be used with very little loss of light or of definition, provided that the 
angles and surfaces of the yriKiuH are worked with exactness. And as 
the two bexlies can b(‘ made to converge at a sraalier angle than in the 
Wenham arniugemeiit, the obwerver looks through them with more 
comfort. But M r. Htephenson 's ingenious arrangement — which was 
first worketl-out practically by the late Thomas Eoas, and has since 
lieen very successfully con wtructed by Browning — 2g 

is liable to the great drawbat^k of not being con- 
vertible (like Mr. VVenham’H) inU) an ordinary |||||M||||||||||||^^ 
Monocnlar, by the withdrawal of a prism ; so 
that the use of this form of it wdll bo pro- 
bably restricted to those who desire to work 
stereoscopically with high |K)werH, In order to 
avoid might errors arising from the impinging 
of the central ray of the cone, at its emergence 
from the objective, against the double edge of 
the prism-combination, Mr. Htepheuson has dc- 
vised a special form of sub-stage Condenser (also BBBHBBlii 
made by Mr. Browning), w hich can sen the ill umi- 
na^ng rays to issue from the object in two separate pencils, 
which will strike the HUt'facm of the two prisms. This con- 
sists of two deep cylindrical lenses ’ a and w, whose focal lengths 
are as * 2*3 ** 1, having their curved fAces opposed to each 

other, as shown in secuon at c; the larger and less convex 
being placed with its plane side downwards, so as to receive light 
ftim tie mirror, or (which is preferable) direct from a lamp< M nder 
this combination slides a movable stop, with two circular i^ienmgs, 
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OauU« Stop lor Stepheiuson BinoctiUr. 
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Ti<k *4 a« idioim in Hg. Th€^ 

lamp being plat^ in front 
of me instf^ent, the two 
i^/ertures admit similar 
pencils of light from it ; bo 
that each oye reomres a 
completely equal iilumina- 
tion, and no confusion can 
occur from the impinging 
of the rays on the lower 
edges of the prisms. With 
this arrangement the Po- 
dura-markings are shown 
as figured by the latij 
Richaid Bock (Plate ii., 
fig. 2) ; while the curvatures 
or the scale come out with 
the distinctness peculiar to 
Binocular vision. 

86. But one of the gi oatest advantages attendant on Mr. Stephen - 
eon's construction, is capability of being combined with ar 

erecting arrangement ; which ren- 
ders it applicaole to purposes for 
which tha Wenham Binocular can- 
not be conveniently usecl. By the 
interposition of a plane sifvere<l 
mirror, or (still lietter) of a reflect- 
ing prism (Fig. 25), above the tube 
containing the binocular prismK, 
each half of the cone of rays in 
so deflected, that its image is re- 
versed vertically; the rays enter- 
ing the prism through the surface 
c », being reflected by the surface 
A B, so as to pass out by 

the surface A c in the dirdSflaon of 
the dotteu lines. Thun the right 
and Ihe left half-cones are directed 
respectively into the right and the 
left bodies, which are inclined at 
a convenient angle, as shown in 
horizontal — the observer can look 
ation which he finds most comlorti^ilc. 
angle to which the prism is worked can be varied to suit indi- 
vidnal i^uirements ; But if it should be desired to use the instm- 
mta Polarized light, it will be found advantagjooas that the 
from the auimco a b should be at the podariring an^ of 
rinoe, by isubstitntiiiig for the silvered mirror or prism a^^y 
pdoshed mirror ol black gla^, this will thai act as an imidyzer,. 



1*8 Erecting Prism. 


1%. 28; so that— the st ^ 
at his object at 'the inclin 
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with Bome decided ii4vaii- 
tages over the Nicol prism, 
except in being incapable of 
. )(tation.--'rhe great value of 
the Erecting Bmocular con- 
sists in its applicability to 
the picldng^outof very minute 
objects, such as JHoiomg^ 
or Forami/ni/era ; 
liud to the prosecution of 
minute dissections, especially 
when these have to be car- 
wMi-on in fluid. No one who 
i-us only thus worked 7n<mo- 
riilarhff can appreciate the 
guidance derivable from hi* 
Wfcnlar vision^ when once the 
habit of working with it has 
Wn formed. 


Fig. 2f., 



fc)ti‘phous(nt’8 Erecting Binooolsr. 


ToIUh" Binondar Eye*pwcf\ An ingenious Eye-piece has 
been constructed by Mr. IWes (Boston, U.H.), whicli, fitted 
into the body of a Monocular Microscojx), converts it into on 
Erecting Stereoscopic Binocular. This conversion is efiected 
by the inter|K)8ition o6 a system of prisms similar to that 
originally devise^l by MM. Nachet (Fig. 17), but made on a 
larger scale, between an ‘erector* (resombling that used in 
the eye-piece of a day-t(ilo8cope) and a pair of ordinary Huy- 
gheniun eye-pieces ; the central or dividing prism being placed at 
or near the plane of the secondary image formed by the erector, 
while the two eye-pieces are placed imraediately above the two 
lateral prisms ; and the combination thus making that division in 
the pencils fonuing the Recou<lary image, which in the Naclud 
Binocular it mixkes in the pencils emerging from the objective. — 
Ajb all the image-fomiin ; rays have to i>a8H through the two 
surf^es of four lenses and two prisms, besides sust^ning two 
internal reflexions in the latter, it is surprising that Prof. HX. 
Hmith — while admitting loss of light should feel able to apeak of 
the definition of this instrument as not inferior to that of either 
the Wenham or the Nachet Binocular. It is obviously a great 
advant^e that this Eyo-piece can l>e used with any microscope, 
and with Objectives of high power; but as its effectiveness must 
depend upon extraordinary accuracy of workmanship, its cost must 
necessarily be great.* 

•jS, Nfckefg 8tereo*p$eudo8copic Bmocular. -An ingenious 
modification of Mr. Wenham’s arrangement has been intrcMiuced 
by MM. Nachet; which has the ottnbute altogether i>ectilmr i/* 


* Sec Amerioau Jaurotl of Sci«noe,” Vot xxxviiL (IW), p. Ill, *tid Vol. 
xxxlx. (Xfle&k p, 212 ; and “Montlily l^rosc. Jon™*,” Vol wi. (I^r7l), p 45, 


ItM^, of to ibe iiaage wtber its teM StawMcqpte 
wail m Pifteiid 08 co|»e ^ocmvemon erf »wrf/ at toe wiH of toe 

dbierter. TWi in aocomplifliWl by the w of two pmine* «ttie of 
(ISg. 27 | a) piaeed over the cone of rays proceeding upwards 
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ijzaogeiuont of Prisms in Nachet's Stereo-pseudoscomc Bmooular:< 
1, for gtereoscopic; 2, for Pseudoscopic eneot. 


from the objective, and the other (u) at the base of the secondan 
or additional body, which is here placed on the right (Fig. 28) 
The prism a has its tipper and lower surlaces parallel ; one of its 
lateral faces is inclined at an angle of 45°, whilst the other is vertical 
Wlien this is placed in the position 1, so that its inclined surfaci 
lies over the h^ft {1} of tlie cone ol rays, these rays, entering 
the prism perpendicularly (or nearly bo) to its inferior plane sur 
face, undergo total reflection at its oblique face, and being thu* 
turned into the horizontal direction, emerge through the vertica 
surface at right angles to it. They then enter the vertical face o1 
the other prism B; and after Buffering reflexion within it, are 
transmittcu upwards into the rujhf-himd body r\ passing out of 
the prism jwi^iondiciilurly to the plane of emersion, which has 
such an inclination that the right-hand or seoondaiy ^body 
(b. Fig. 28) may <li verge from th(‘ left or princ4)al body at a 
Buitable angle. On the other hiuid, the ri^Jht half (r) of the cone 
of rays passes upwtu*ds, without essential interruption, through 
the two parallel surfaces of the prism a, into the left-hand body 
(P), IS thus orossetl by the other in tlie interior of the prism. 
But if the prism a he pushed over towards the right (by pressing 
the button o. Fig. 28), so as to leave the fe/f half of the objective 
uncover^ (as Hhown in Hg. 27, 2), that half (/) of the cone of 
my« will go on without any interruption into the f^-hand 
body whilst Uie n^ht half (r r') will be reflected by the oblique 
faee of prism into the horizontal directioa) will emer^ 
at xtji vertical and being received by the secona prism, n, uml 
be directed by it into the ri^lS-hond body (lO* —Now in theJiiWpom- 
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tkte tf^ lubhrdi ol ocme of za^rs bdng made to crosa into 
tbft bodifift^ troo Stereosoopic reUef ia ghret to ^ image 

imam hj ihm reoombmation, jmst m in tiie anengementi 
vkmsly dwribed. But when, in the semnd poeition^ each halt of 
the <^ne paseee into the body of its own side, so that the reireml of 
the images produoed the Microscope itedf (§ 26) is no longer 
corrected by the crossing of the two pencils separa^ hr me 
prism A., a Pseudoscopic effect, or * convendon of refief,* is prouaced, 
the projections of the surface of the object being represented as 
hollows, and its concavities being turned into convexities. Ihe 
suddenness with which this conversion tis brought alwut, without 
any alteration in the position eitiier of the object or of the observer, 
is a phenomenon which no intelligent person can witness without 
interest ; whilst it has a very special value for those who study the 
Physiology and Psychology of Binocular vision .♦ — As originally 
constructed, the adjustment for distance 
)>etween the eyes was made by giving a 
horizontal traversing motion to the pnsm 
B and the secondary b(>dy placed above 
it, by means of a screw action. But this 
metbod was open to the two objections 
that the focal distance of the secondary 
l)ody was thereby altered, and that 
the traversing fittings ^ere liable to 
become loose by wear. To meet 
these, M, Nachet devised the con- 
struction represented in Fig. 28; in 
which the adjustment of the distance 
between tlie eye-pieces is effected by 
altering the angle of convergence Ik*- 
tween the IxidicK. This is done by turn- 
ing the screw \, which is fumishe«l with 
two threafls of different speeds, wliereby 
an inclination is given to the pnsm equal 
to half the angular displacement of the 
tube;un arrangement necessitated by 
the fact that the displacement oi the 
mys reflected by a rotating surface Na/'hot'i StcitHJ-pssudo- 

ia double the angle described by that scoi>ic Microscope. 

* The roffulfc of the ntunerous applications which tlio Author has made of 
this instmiuont to a gimt variety of Microscopic objorts, Iwa ted to a con- 
timiation of the principle of Fseudoscopic vision, stated at the conclnsion of 
4 81. — Whena, as in the case of the saucor-like disks of the AratknMMitm 
^PliUe XU.), the real and flie converted fonns are equally familiar, the *conver- 
skm* either of the convex exterior, or the concave interior, is made both snd- 
slenly and completely In more comptex and less familiar lormis on the o^r 
Aumd, the conversion freqoestly requires time j being often parUaI,in the first 
iQStaooe, and only gradually becoming complete. And them are some ofjeoU 
whteli resist ccmversioii altogether, the only effect being a confusion of mi*» 
two images. 
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yurface.^— A« an ordinary working instromcnt, itoirever, tlii» 
im^orod Kaehei Binocmar can scarcely be equal' to that 
ol^eitliaiii or Btepbenson; whilst it nmst be f«^^ed as in- 
iarior to the former in the following particulars : that as 

,tlm mmteiTnp^ half ol the cone of ra^ (when the interposed 
prlam is a^nsted for Stereoscopic vision) hae to pass through the 
woo |dane surfaces of the prism, a certain loss of light and deteriora- 
tkm of the picture are necessarily involved ; whilst, as the inter- 
rupted half of the cone of rays has to pass through four surfaces, 
the piotttre formed by it is yet more unfavourably affecteti; seemd, 
that as power of momou must be given to both pnsras— to a, for the 
foversal of ttie images, and tc) b for the adjustment of the distance 
between the two bodies— there is a greater liability to derange- 
menii^ It does not give the equal illumination of Mr. Stephen- 
son% is less free from optical error, and cannot, like his, be used 
with l^b powers. 

39. The Stereoscopic Binocular is put to its most mlvantageous 
use, when applied either to <yponiw objects of whose solid forms we 
are desirous of gaining an exact appreciation, or to tran^arent 
objects which have such a thickness as to make the accurate distinc- 
rion between their nearer and their more remote planes a matter of 
importance. That its best and tniost effects con only be obtained by 
objectivea not exceeding of angular ajierttire, may be shown 
both theoretically and practically. Taking the average distance 
between the pupils of the two eyes as the base of a triangle, and 
any point of an object placed at the ordinary reading distance as 
its apex, the vertical angle encloscKl between its two sides will be 
from 12® to 15®; which, m other words, is the angle of divergence 
lietween the rays proceeding from any point of an object at the 
ordinary reading distance to the two eyes respectively. This angle, 
therefore, represents that at which the two pictures of an object 
should be taken in the Photographic ("amera, in order to produce 
the effect of onlinary toiocular vision without exaggeration ; and it 
is tlie one which is adopted by Portrait-pbotograj^ers, who have 
found by experience that a snmlh^r angle makes the image ^rmed 
by the combination of the pictures appear too wliilst a hirger 
angle eapffgjjmde# its projection. Now, in applying this principle 
to the Microscope, we have to treat the two latt^ral halves (l, r. 
Fig. 29) of the objective as the two separate lenses of a double 
portrait-camera ; and to consider at what angle each half should 

• Hlcrotfcc^cal Journal,'* Vok L (1R69), p. SI. 

t Mi Bachet'a arrangemeut, Ukv Mr. Wenliam’a, out bo odapt^ to any extstlog 
liiei«MOO|Mi; and it aoenia peotiliarly auilable to those of French or Gmiaa 
oouiliucucii, in vdiieh the hoc^ is much shorter than in the ordinaty En^h 
mndela Fen- in the applkahon of the Wenham amngement to a sherS Micro- 
eoefe, the requiriie distance between the eye-glasscM of its two bodii» can 
bs ehhiii^ hy mahiiig those bodies oemverge at an sngM wide m to 
pf m m matdisQmcirt in the use the instrument, fn«a ^ iieoeai% td 
mafaifttiaintt an mmsusl degree oi convergence between the axes of the ayes. 
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be entered by the mys p&einng throngh it to form iU picture.* To 
any one ao^uainted wi& the principlee ^ 

of Opticsy it most be obvious that the 
picta^ formed by each hall of the 
ofcgective must be (so to speah) an 
average or general resultant of the dis> 
similar pictures formed by its different 
parts. Thus, if we could divide the 
lateral halves or semi-lenses l, a, of tho 
objective by vertical lines into the three 
bsmds ab c and a* V c^ and could stop 
off the two corresponding bands on 
either side, so as only to allow the light 
to pass through tho remaining pair, 
we should find that tho two pictures 
we should receive of tlie object would vary sensibly, according os 
they are formed by the bands a a\ b //, or c d. For auppomj( the 
pictures taken through the bands hU to ha sufficient^ dissimilar 
in their perspective projections, to give, when combined in the 
Microscope, a sufficient but unexaggerated Stereoscopic relief, 
those taken through the bands a a on either side of the centre 
would be no more dissimilar than two portraits taken at a very 
small angle between tho cameras, and their combination would 
very inadofiuately brin^ out the effect of relief ; wlulst, on the other 
hand, tho two pictures taken through the extreme lateral bands c c\ 
would differ as widely as portraits taken at too gre^ an angle of 
ilivergence between tho cameras, and their combination would 
exaggerate the actual relief of the object. Now, in each of the lai^l 
halves, a sjxit v v' may be found by mathematical oomputetion, 
which may be designated the visual centra of the whole Semi-lens ; 
that is, the spot which, if all the rest of the semi-lens were 
Htopped«off, would form a picture most nearly corresponding Uy that 
^ven by the whole of it. Tliis having been determined, it is easy 
to lutcedain what should l>e the angle of aperture (o p Fig. 30) of 
the entire lens, in order that tlie angles v pd iMjtween ^ * visual 
cenwes’ of its two halves should 1^5 15^. The investigation of 


* The writer has been surprised to flud that tho advantages of the Stereo- 
«coi)ic Binocular have been treated by certain Microscoplsts of eminence as 
sltogether ehituerical ; no real difference (they assert) being dlScetnlWe 
between the righidtand and tho left-hand pictures. — This assertion is obviously 
based upou the limitation of the use of the mstrnment to titia Uwmpuftsi <d>jscts. 
It is where tho sQrface isuneven. (as is the case with most Opaque objects), or where 
% Trausparent object shows different structures in different .planes of its thlck- 
ness (ms in inlect^ preparations), that the special value of the Blnoonlar shows 
itself. Tho dissimifaiity of tho two pictaros of such objects received tiirongh 
the two halves of the elective, was long tincodomanstrated fay Hr. "W^aham s 
who, by covering with a diaphragm, first the right and tl«>n tiie left kw of 
•n ebjo^ve of z-firde inch focus and 28® of aperture, and carefully drswlng 
tile two hnsgiMi thus obtained, found them to be such as would ootnhioevitsfeo* 
scopicaUy, ao aa to bring out theobieet in relief. Bee “Tianaact. 

Soc./» TSCM^ YoL iL (I®), p. 1. 
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80. tbis qaestiou haTiBg been kindly 

■ nndeiH^en for the anlbor by 

his friend Dr. Hirst, the conclu- 
sion at which he arrived was that 
the angle of aperture of the 
entire lens should be about 36’6*^. 
*rhi8, which he gave os an ajt- 
proxhifiie result only (the requisite 
data for a complete Mathema- 
tical solution of the question not 
having yet been obtained), har- 
monizes most remarkably with the 
results of experimental observations 
made ujion opaque ohjeeU of known 
ftJmpc, with Objectives of oifferent 
angular apertures ; so that the 
Stereoscopic images produced by 
the several objectives may W 
compared, not only with each 
other, but with the actual forms 
which they ought to present. JSo betb^r objects can be selected 
for this purpose, than those which are perfectly epherical ; such as 
various globular forms of the Polycydlua (Plate xii.), or the Pollen- 
grains of the Malvacem and many other t'lowering-plants. When 
either of these is placed under a Stereoscopic Binocular, provided 
with an objective of half-inch or 4-lPth8 inch focus having an 
angular ap^ure of 80° or 00°, the effect of projection is so greatly 
exag]gerated, that ilie side next the eye, instead of resembling a 
hemisphere, looks like the Bmall end of an egy. If, then, the aperture 
of su^ an objective reduced to 60° by a diaphragm placed 
liehind it« back lens, the exaggeration is diniinished, though not 
removed ; the hemispherical surface now looking like the large end 
of an egg. But if the aperture be further reduced to 40° by the 
same means, it is at once seen that the hemispheres turned towa^ 
the eye are truly represented ; the effect ot spherioai projection 
Wng quite ade<juato. without being in the least cxaggei^ted. 
Hence it may b<? confidently affirmed^-alike on theoretic^ and on 
practical grounds — that when an objective of vader mgle than 4^ 
18 uaed with the Stereoscopic Binocular, tlie object viewed by it is 
repree^ted in mapgoi'aim relief, so that its apparent form must 
lie more or loss distorted.*— There are other substantial reasons, 

• This posiUoa has been contestod by observers who have used high powers 
biiiocalarly with tmmpwtnt objects, and who, in their zeal for km angles of 
aperlnittw affirm that no exaggeiataon of Stereoscopic effect is prodacod by the 
coMbteitBfm of the two pictures thus obtained. But it seems to be foigoUeo 
timi intrfi objects mniMtf afford the actual measure of Stereoscopto effect, whkh 
is l^v«n by <»ggee 0bM> oT hacwm / bm a s above described. And. so far as 
the AhIIkw's exforisM exteoda, every cotapeteni observer who makes use of 
u good half-inch of 40^ aperture — reseniMing Uie one ffrsi cm^ 
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moreover, why Objectives of limited angle of aperture should lie 
p^erred (save in particular cases) for use with the Stereoscopic 
Binocular. As the special value of this instrumont is to oonwy 
to the mind a notion of the solid forms of objects, and of the 
relations of their paHs to each other, not merely on the same but 
on different planes, it is obvious that those Objectives are most 
suitable to produce this effect, which possess the gimtest amount 
of penetratwn or J'ocal depth ; that is, which most distinctly show, 
not merely what is precisely in the focal plane, but what lies nearer 
to or more remote from the objective. Now, as will be explained 
hereafter (§ 158, ii.), increase of the angle of ai>erture is neces- 
sarily attended with diminution of ‘ j)cnetrating* power ; so that an 
objective of 60° or 80° of aperture, though exhibiting minute 
surface-deiails which an objective of 40° cannot show, is much 
inferior to it in suitability to convey a true conception of the general 
form of any object, the parts of which jiroject considerably above 
the focal plane or recede below it. 

40. In concluding these general observations upon the use of the 
Stereoscopic Binocular, the Author would draw attention to two 
important advantages ho has found it to poHsess ; his own ©Xj[)e- 
rienco on these jx>ints being fully confirmed by that of others. — In 
the first place, the penetrating power or focal (jUpth of the Bino- 
cular is greatly superior to that of the Monocular microscope *, so 
that an object whose sufftice presents considerable inequalities is 
very much more distinctly seen with the former than with the 
latter. The difference may in part l>e attributed to the pr«^cal 
reduction in the angle of aperture of the Objective, which is 
produced by the division of the cone of rays transmitted through 
it into two halves ; so that the picture received through each half 
of an Objective of 60° is formed by rays diverging at an angle 
of only 30°. But that this optical explanation does not go far to 
account for the fact, is easily proved by the simple expenment of 
looking at the object in the first instance through each eye sepa- 
rately (the prism being in place), and then with Ixith eyes together; 
the distinctness of the parts which lie above and beneath the focal 

stracted to his ord#*r by Messrs. Powell and Lealand, and now procurable from 
several excelleui makers — in the study of Polycyttina^ the smaller 
fertif Or the larger discoidal Diatom*^ viewed as opaque objects, soon becomes 
se&sibte of its advantage over Objectives of tmj same power but of larger 
angular aperture, in giving (1) unexaggerated relief, much greater foost 
depth, and (3) such a woriring distauce as enables side-ilmminatlon to be con- 
venieutly used. Having lately had occasion to give much attention to the 
structure and development of Itikmia (Oliap. vn.), the writer has found groat 
advantage from the use of a l-4th otnective, constructed by i^iss, of whs4 will 
be cmiitdered hy many the absurdly low angle of 40®; the truth of the conoep- 
tiott ii gives of the aoUd forms of the frustules (when viewed as opaque obje^X 
which IS capable of easy verifioation, being in striking contrast with the violent 
exaggeration of relief which is produced when the same otriects are similarly 
viev^ through a l-4th inch of IMP or 120® apertoro. Doubtless the etmsfdartf 
sirmittirt of the frustnle can only be property studied by an Oljjective of liTgo 
angle ; bat this is an altogether different inquiry. 
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plm0^ being fonnd to be much greeter ibe two pictoree are 
oombbiedt tluuK it is in eitber of them separatdy* In the absence 
of any adequate optical explanation of the neater ran^ of focal 
d^tb thus shown to be possessed by the l^reoscopic JBinooular, 
the Author is inclined to attribute it to an aUowanoe for the rela- 
tive distances of the parts, which seems to be unconsoiously made 
by the mind of the observer, when the solid is shaped-out in 
it by the combination of the two pictures. — ^Tms seems the more 
lik€& from the eeeond fact to be now mentioned: namely, that when 


degree attributed to the division of the work between the two 
j but the Author is satisfied that, unless there is a feeling of 
moomfort in the eye itself, the sense of fatigue is rather mnnial 
than pimal, and that it nrocetids from the constructive effort which 
the observer has to iiiaKc, who aims at realizing the solid form of 
the object he b examining, by an interpretation based on the flat 
pidure of it presented by his vision, aided only by the use of 
the focal adjustment, which enables liim to determine what are 
its near and wliat its remote }>art8, and to form an estimate of 
their difference of distance. Now, a groat part of this construc- 
tive effort is saved by the use of the Binocular; which at once 
brings before the Mina’s eye the solid imaqe of the object, and thus 
gives to the observer a conception of its form usually more complehi 
and accurate tlian he could derive from any amount of study of a 
Monocular picture.* 

♦ It has bapj^iied to the Autlior to be frequently called on to explain the 
adlvatitftgea of the Binocular to Continoutal (especially Genuan) Ktoon#, who 
had not been previously acquaiuted witii tlio instrument. And bo has been 
struck with fliiditig tl»t when he exhibited to them objocta with which they 
had already booomo familiar by cAroful study, and of whose solid forms they 
had altakisd an accurate conoiq^tion, tliey perceived no advantage in tlio Ste* 
reoaoopic combination, seeing such objects with it (visually) just as they had 
been previously accustomed to see them (menially) it. But whem lie 

haa exhibited to them suitable objects with which they had not boon pre^ously 
famBhiiiaed, and has caused them to look at these in the first instance monoeu- 
and then nermm>picnll$^ he has never failed to satisfy them of the value 
of m latter method, except when some visual imperfection has prevented 
them from properly appreoialiue it. Ho may mention that ho has found 


them from pro^rly appreoialiug it. Ho may mention that ho has found the 
wtag of the litQe lloth raown as £ensera OSteuHy which haa an undulatiiig aur- 
faoe» whereon the scales are sot at various angles, instead of having the usual 
imbAcated arrangement, a peculiarly appropriate obioct for this demmstratlon ; 
tha genaial inequality of its surface, ana the individual obliquities of its scales, 
b^ng at unoe uiuwn by the Binocular, with a foroo and completeness whidi 
ocmil set be ettslned by ^e moet pmlonged and careful Monocular study. 
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CONSTEUCTION OF THE MU'ROSCOrK. 

41. The optical principles whereon the operation of the Micro- 
^3COi>e (lepencls having now been explained, we have next to consider 
the mechanical provisions whereby the^ are brought to boar upon 
the different puiposes wliich the instrument is destined to serve. 
And first, it will bo desirable to state those general principles which 
have now received the sanction of universal experience, in regard to 
the beat arrangement of its constituent j>arts. — Every crmplefo 
Microscope, whether Simple or Compound, must posaoaa, in addi- 
tion to tne lens or combination of lenses which affords its magni- 
fying power, a *ftar;e whereon the Object may securely rest, a 
roficavf? mirror for the illumination of transparent objects from 
beneath, and a condctisimj-lem for the illumination of opaque 
objects from above. 

T. Now, in whatever nt)de these may be connected with each 
other, it is essential that the (Ipiical pari and the Siarfc should be 
so dutposed. as either to he alttfjether free, from iendenexj to vibraiion, 
or to vibrate together ; since it is obviouH that any movement of one, 
in which the other does not partake, will be augmented to the eye 
of the observer in proportion to the magnifying power employ^. 
In a badly-constructoa instrument, even though placed upon a 
steady table resting upon the firm floor of a well-buat house, when 
high Towers are used, the object is seen to oscillate so rapidly at 
the slightest tremor — such as that caused by a person walking 
across the room, or by a carriage rolling-by in the streetr— as to be 
freqnenUy almost indistinguishable ; whereas in a well-constructed 
ins&nment, scarcely any perceptible effect will Ixj produced by even 
greater disturbances. Hence, in the choice of a Microsco|)e, it 
should always be subjected to this test, and should he unhesitatingly 
rejected if iue result be nnfavouraljle. If the instrument should lie 
found free from fault when thus tested with high powers, its 
stoadiness with low? powers may be assumed; but, on the other 
hand, though a Microscope may give an image free from perceptible 
tremor whra the lower powers only are employed, it may be quite 
unfit for use with the higher. — ^The Author has found no for 
steadiness so emetoZ as the vibration of a paddle-ste^er goin^ at 
full speed against a head-sea; and the result of to empanson 
between the two prmciiMal ‘ modto’ generally used in this country 
will be stated herwter (§ 49), 
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U. Th« nact reqtusite is a ea^ahllUtj of accmaU fxdJiiMnieni to 
every variefy of focal distance, without ^movenmit of tlye object It 
m a principle universally recognized in the consl^ction of good 
J^Eieroiioopeii, that the Htaye whereon the object is placed should be 
tkfljcture ; the movement by which the focus" is to be adjusted being 
given to the optical portion. This movement should be such as to 
allow free range from a minute fraction of an inch to three or four 
inches, with equal power of obtaining a delicate adjustment at any 
part. It should also be so accurate, that the optic axis of the in- 
strument should not be in the least altered by any movement in a 
vertical direction ; so tliat if an object be brought into the centre of 
the field with a low power, and a higher power be then substituted, 
the object should be found in the centre of its field, notwithstand- 
ing the great alteration in the focus. In this way much time may 
dtten be saved by employing a low power as a finder for an object tr> 
be examined by a liigher one ; and when an object is being viewed 
by a succession of powers, little or no readjustment of its place on 
tne stage should be required. For the Simple Microscope, m which 
it is seldom advantageous to use lenses of shorter focus than l-4th 
inch (save where ‘ doublets’ are employed, § 28), a rach-and-pinion 
adjus^ent, if it be made to work both tightly and smoothly, 
answers sufficiently well ; and this is quite adequate also for the 
focal adjustment of the Compound body, when objectives of low 
power only are employed. Hut for any lenses whose focus is less 
than half-an-iuch, a ‘ nne adjustment,’ of * slow motion,’ by means 
of a ecrtw-mfrocnmit operating either on the object-glass alone or on 
the entire l)ody, is of great value; and for the highest powers it is 
quite indispensable. In some Microscopes, indee<l, which are pro- 
vided with a ‘ fine adjustment,’ the rac^-and- pinion movement i« 
dispensed with, the ‘coarse adjustment,’ being given by merely 
vUmno the body up and down in the socket which grasps it ; but 
this plan is only admissible where, for the sake of extreme cheap- 
ness or portability, the instrument has to be reduced to the form of 
utmost simplicity. 

HI. Scarcely less important than the preceding requisite, in the 
cam of the Compound Microscope, especially with the long lk>dy of 
the ordinary English model, is me capability of heiny placed in either 
a vertical or a hcrrizoiUal po»it%<m, or at any angle with the horizon, 
without deranging the adjustment of its parte to eadi other, and 
wit^ut placing the eye-piece in such a position as to be incon- 
vaiiont to the observer. It is certainly a matter of surprise, that 
some Microecopiste, especially on the Continent, should still forego^ 
the advanti^^ of the mcliued position, these being attainable by a 
very small action to the cost of the ^teument ; but the ineon- 
vmse/am of the vertical arrangement is much less when the body 
of the nuoFosoope is short, as in the ordinary Continental modm ; 
and there are many cases in which it is absolutely necessary that 
tlM stage should be horizontal. This position, howevmr, can at any 
he given to the stage of the inclining Microscope, by bringing' 
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t)ie oj^tic axi« of thfi Mjetrument into Hie vertical 4lmrlioJi, 
even witL the stage horizontal, a convenient inclination may be given 
to the visual axis, not merely by sneh modiheations in general (ion* 
stmetioa as coastitate the special features of the erecting Biaoini- 
lar of Mr- Stephenson (§ 3d) or the luYorted Microscope of l)i\ 
Lanrence Smitn (8 80), but by the a|n)licatiou to the ordinat 7 verti- 
tn} iKKly of the erecting eye- niece of M. Xachot (§ 80)- — In ordinary 
canes an inclination of the liody at an angle of about 55'^ to the 
horizon will usually be found most convenient for unconstrained 
observation ; and the instrument should Ik* socumstructed, as, when 
thus inclined, to give to the stage such an elevation aliovo the table, 
that, when the hands arc enip]oyo<l aid, the arms may rest conve- 
niently a|>on the table. In this manner a di^gn^e of support, is 
attaiui'd, which given such free play to the muscles of the iiandN, 
that movements nf the greatest niady may be executed by them; 
and the fatigue of loug-contimuHl olwiervation is greatly diminishtHl. 
Such minutiin may appear too trivial to deserve mention ; but no 
praeti«e<l MicroKco^ast will be slow to fw-dnowknlgt? their value. • 
For other purpoHcs, again, it is re<|uisiie that tlui JVlicroMCope should 
Ik* pla<Ksl horizf)n tally, as when tin? (lamerji Lueida is used b»r 
<lrawing or measuring. It raight. ther(?fore. to bo mjub< capable (»f 
every such variety of position; an<i the Stage must of course Ik* 
provid('<l with some means <if holding the ol)ject, wh<‘ii it is itself 
p!ace<l in a jx)«iti<.m ho inclined that the o])jeet wouM slip (bovn 
unlesi Hust^iined. 

IV. The last principb* on which we shall liere dwell, as easential 
to the value of a Microsc-ope designed for ordinary work, is Bitupll- 
t'liy ill ih<i muAfriiduHL ami mljuahm ut af nirrif part. Many in- 
genious iiKHihanical devices have been inventeJ and cxecutea, for 
the purjioso of overcomiug difficulties which are in themsolveu really 
trivial. A mo<l crate amount of dexterity in the use of the hands is 
sufficient to render most of these sufierfluouH ; and without such 
deiterity, no one even with the mostcomplck* nujchanical facilities, 
will ever become a good Microscopist, Among the conveniences of 
simplicity, the practised Microscopist will not fail to recpgnize tlu* 
saving of time efirecte<l by Iniing able quickly to set up and put 
away his instrument. Where a number of parts are to l>e screwed 
tocher liefore it can be brought into use, inbjresting objects (m 
well 08 time) ore not unfrecpicmtly lost; and the same cause will 
oft^ oci^ion the instrument to be left exjKJsed to the air and dust, 
to it« gr^t detriment, because time is reipiired to put it away ; so 
that a alight advantage on the side of simplicity of arrangem^t 
of^ CAUsea an inferior instrument to be preferr^ by the working 
Mieroscopiat to a superior one. Yet there is, of course, a limit to 
this simplihcation ; and no arrangement can be objected- to on this 
sceye, which gives advantages in the examination of difficult objects, 
or in the deteminarion of doubtful questions, such as no sinipler 
meann can afford. — ^The meaning of this dnstinction will become 
apparent, if it be ^iplied to the cases of the Mechanical Stage 
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Mm **^3^ ^ ccamMad «. vnIiiftWe «iid in ol^rtMoi^ aa lftoii4« 
tb& Mii&g ol a imaate olgect, or the exEiamation«ol the 
eattre aurfeose of a large one, yet it adds nothing to the oleamese^ of 
omr Tiew of either; and its pWje may in great degree be snpi^liad 
W the Angers of a good manipulator. On the other hand, thj? 
m tbe Acfiromatic Condenser not only contributes veiy material}^ 
but is absolutely indispensable, to the formation of a perfect image^ 
in the case of many objects of a difficult class ; the want of it 
cannot be compensated by the most dexterous use of the ordinary' 
appltances ; and consequently, although it may fairly be considered 
swperfiuons as regards a large proi)oition of the purposes to which 
the Micr08C0i>e is dincbd, whether for iuvesti^tion or for displa} 
yet as regards the [)articular objects just alluded to, it must be 
considered as no less necessary a part of the instrument than th(‘ 
Achromatic Objective itself. \Vhore exj)enRe is not an object, the 
Microscope should doubtless Ihj fitttHi with hotJf these valuable 
accessories; where, on the other hand, the cost is so limited that 
only o«e can }»e afforded, ihaf one should be selected which will 
make the instniraent most useful for the j)ur|H)soH to which it 
likely to Ik* applioil. 


In the account now to Ihj given of the principal forms of Micro- 
scope readily procurable in this country, it will l>o the Author’s 
abject, not so much to enumerate and describe the various pattenis 
wliich the several Makers of the instrument have produced; os, by 
selecting from among them those examples which it seems to him 
most desirable to make known, and by sj>ocifyiug the peculiar 
nivautages which each of these presentH, to guide his readers in 
the choice of the kind of MicroscojK' best suited on the one hand, 
U> the class of investigations th(*y may be desirous of following 
mit, and, on the othet to their }>eeuniary ability. He is anxions,. 
howover, that he should not b<5 Hiij>i> 08 e<l to mark any preference 
for the particular mstruinents lie lias selected, over tliorj eon- 
stmottHi upon the sauu* general j|)lan by other Makers. To have 
ennmcrattMl them all, would obviously be ipiite ineompatible with 
the plan of bis Treatise ; but he has considered it fair {save in one 
or two special (‘ases) to give the ])reference to those Makers who 
ha've worked out their own plans of construction, and have thus 
furnished (to say the least) the general designs which have lieer» 
adopted with more or loss of modification by others. 

SIMPLE MICKOSCOPKS. 

4$. Under this head, the common HaathMa^niJi^r or pocket 
lens ffrat claims our attention ; being in reality a Simple Mim>- 
although not commonly accounted as sneh. Altnongh this 
little inatrument is in every one’s hands, and is indispensable to the 
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9iu^ mcttmiiialloiu m often afford Mm mo»i imprtaiai 

miidaneo-^^ret mere are oompamtively few wlio know now to 
Itandle it to ijne best advanta^. Tbe chief difficulty Ikm in 
nhmdf fiication of it at the reqimte distance from the object; esw'- 
cially when the lens employ^ is ol such short focus, that the 
slight^ want of exactness in this admstment produces evident 
inoistinctnesa of the image. By carefully resting the hand which 
carries the glass, however, against that which carries the object, so 
that both, whenever they mc»ve, shall move together, the observer, 
after a little practice, will bo able to omploy even high powers with 
(Hunparative facility. 'Ihc lenses most generally serviceable for 
lland*magnihers ninge in focal length from two inches to half an 
inch ; and a combination f>f two or throe such in tlie same liandlc, 
mth an in^jjyvening j)erf()ratcHl plab^ of tc^rtoisoshell (whiclj serv^es 
jiH a diaphragm whtm they are nse<l together), will bo found %'ery 
useful. When such a magnifying iM»wor is doHinnl as would re- 
quire a lens of a quarter of an inch focus, it is best obtained by th«^ 
substitution of a ‘ r(Midington’ (§ ‘2f), or, still hettf'r, of the Brown- 
ing or the Steinheil Doublet (§ 25), lor the ordinary double-convex 
lens. The handle of the magnifier may he pierced with a hole at 
the end most distant from the joint by which the lenses are 
attached to it; and through this may be jjasHod a wire, which. 
Isnng fitted vertically into a stjind or foot, sen’cs for the support, 
of the magnifying lenscff in a horizontal position, at any height at 
which it may be conv<mient to fix them, Su(‘h a little apparatus 
is a rudimentary form (so to s|>eak) of whut is commonly under- 
stood as a Himple Microscope; the tt»nn being usually applied to 
those instruments in wliich the magnifying j)owerH are supported 
otherwise than in the hand, or in whu h, if the whole apparatus 
Ih» supj>orted by the hand, the lenses have a fixed Is^aring ujxm the 
«»bject, 

7^)«sV Hhnph Min'OHcopr . — 'niis instrument holds an inter- 
mediate place between the Hand -magnifier and the complete Micro- 
scoj)e; lasing, in fact, nothing more than a lens Hiqq>ortod in suchtt 
manner as to be capable of being rea<lily fixed in a variety of 
]>osition8 suitable for dissecting and for other manipulations. It 
consists of a circular brass foot, wherein is sf*rewHl a short tabular 
pillar (Fig. 31), which is * sprung' at its upper end, so as to grasp 
a second tube, also ‘sprung,’ by tlie drawing-out of whicn the 
pillar may be elongated bjaliout 3 inches. ’J'liis carries at its upm»r 
end a jointed socket, through wliich a square bar alxint 3i inches 
long slides rather stiffly ; and one end ol this bar carries another 
joint, to which is attached a ring for holding the lenses. By 
lengthening or shortening the pillar, by varying the angle which 
the square bar makes with its summit, and by sliding that bar 
throngh the socket, almost any position and elevation may Iw given 
to the lens, that can be required for the purimses to which it may 
l*e most usefully applied ; care being taken in all iustances, that 
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^ipi mmmfyi&jt. At a i« »mL th« wbicB it 

/ bett lor plpdiii^ 

^ Fjo. $1, o^t minute s!ie^, 

^^0KSSKt or for other simi* 
A ]ar maxupulatioue ; 

the sand or^^edg- 

Rpread upon a piece 
of black paper, and 
raised upon a book, 

Sap a box, or some 

other support, to 
such a height that 

%^r m when the lens is ad- 

|H justed thereto, the 

eye may be applied 

without ^ unneces- 

vantageous that 
^ the foot of the mi- 

croscope should not 
^ stand upon the 

■11 tioii of the matters 

HI to be examiu^ into 

II will K* found con- 

venient to place it 

side of the%ject, 
rather than on the 
same side 'with the 
— observer. At B is 

shown the position 

iM^shs Simple MirroKcope. 

be most conrem- 

<?»% set for the dissection of objects contained in a plate 
or mngh, the sides of which, being higher than the lens, would 





the xm of wci^ mounted on a Wiemtol lurm.*^ 

llm Mwem usuaiQy eit|^ied mih thk iniitmment tm one of un 
ioeh loons, and n second ol eiihm a half or a quarter of m inch. 
By unscrewing the pillar, the whole is made to pack into a small 
dat case, the extreme portahility^ of which is a great rooommenda- 
^iin. Although the uses of thi« little iustruiuont an* greatly 
limited by its want of 

stage, mirror, Ac., yet, Fro .'{2 

for the class of pur- 
poses to which it iH 
suited, it has advan- 
tages over perhaps 
every other form that 
has f>eeu devised. 

41. Qn^h ifa /- 
ittij M hroHro^ff, — By 
theSeientificmvestiga- 
h)r who desires a large 
Hat stage, combined 
with iMirtability, tlu' 
arrangement deviswl 
by Mr. John Qiukett 
(Fig. H2) will be found 
extremely convenient. 

The Htagc, which con- * 

Ktitntes the jirincipal 
part of the apparatus, 

IS a plat<? ot brass 
(bron/ed^) nearly six 
inches square, screwed 
to a piece of mahogany 
of the saiiie size, and 
about b-Sths of an inch 
thick; underneath this 
is a folding Hap four 
inchetfbroad, attached 
on each side by hinges ; ^ 
and the two Haps arc 
HO shaped, that, when 
folded together, one lies closely upon the otlier, as shown at B, Fig. JW. 
whilst, when opened, as shown at a, they give a firm supjiort to the 
stage at a convenient height. f At the back of the stage-plate i« a 

* The Stftge-plAte is someiimHS mado of jJatc-glAKs or ebonite ; wnl this iw 
df^cidadly AdvaatRgoous where Seft- water or Adds arc nnal. 

t The Stage is now more generally snpixirted, either (as in Mr. Ladd's 
lUiidel} on four legs of strong brass wire, which screw into its nodersfde, and 
am padeed In its drawer when dismounted ; or (as nrndfi by Mr. Hwift and 
Mcftsm. Farkes of Birmingham) on four brass legs which fold beneath it 
dther td these construietions remedying the chief disadvantage of the original 
mode!, which consista in the exelusiou of light from the mirrm'. 
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rou&4 hole, through which a tubular stem woxhs vertically with a 
rack«aii<l-lHmou movement, carrying at its summit the horizontal 
Arm for the magnifying powers ; and into the underside of the 
stage^plate there screws a stem which carries the mirror-frame. 
Fromxhis frame the mirror may be removed, and its place supplied 
by a convex lens, which servos as a condenser for opaque objects, its 
stem being then fitted into a hole in the stage, at one side or in 
front of its central j»erff>ration. 'I'he instrument is usually fur- 
nished with three niaguifierH — namely, an inch and a hatf4itrh 
ordinary leuses, and a (mncii'i'4uc.h Omidington; and these (or the 
combinations of equivalent foci already mentioned, § 25), wiB be 
found to be the |)Ower« most useful for the i)urjx)8e8 to wliieh it is 
specially adapt+Ml. As a black background is often required in 
dissecting obieclH which are not trunsparent, this may be most- 
readily provided by attaching a disk of paper to th(‘ 

back of the mirror, 'rhe lenses, mirror, condenser, vertical stern, 
and luilhHl-head, all fit into a tlrawer which shuts into the under- 
side of the stage ; ho that, when packed together, and the flai>s 
kept down by an elastic btind, as shown at b, Fig. 32, the instru- 
ment is extremely |>ort.able, furnishing (so to sjHJak) a case fur 
its<df, ‘It may lx* easily made with an mlditional arm cariring u 
light' Compound Uidy, famished with objectives suitable for the 
examination of ilissc^ctious or otlier preparations mode upon the 
stafje, without disturbing them by removal to another instrument. 

4o. Hichcri ami Kraft's Dlssrciing Microsctqie , — In making minute 

Vw. 
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that of the «ta|fe and that of the table. Such a aupport, in Home 
tjkmtanental Biasecting Microscopes — as those of l^ acnet and Zeiss 
-is attached to each side of the stage of an ordinary Simple Mioro- 
wcopej but this arrangement is subject to the disadvantage of 
causing the whole weight of the hands to l)ear on the stage, so as. 
by depressing it, to throw the object out of focus, unless the stage 
be made of extraordinary solidity, or be supported in front as well 
as lichind. Hence the Author regartls the arrangement adoptt*d by 
Messrs. Biebert and Kraft (Fig. 33) as preferable ; in which th«^ 
Mip|x>rt« for the hands are <»bhquc womien blocks, altogether <Hk- 
•connectetl from the stage. I^hese, being hinged to the wooden base 
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i^jcbert and Kmft s Dissecting Microscope, os folded in ca«t». 


•of the pillar, can be made to turn ui> for portability (as shown in 
f^g. 84), «o that the instniment packs into a very small compass. 

46. Laboroionry IHssediuff M icrottcope, — Where, on the otlu'r 
^ud, portability may be alix^ethcr sacrificed, and the instrument 
is to adapted to the making of large dissectionH under a low* 
luagiufyiiig power, some such form a« is represented in Fig. Srv - 
•^onstmetea by Messrs. Baker on the basis of that dcvise<i by Prof. 
Huxley for the use of his Practical Class at South Kensington— -will 
file found decidedly preferable. The framework of the instrument 


m . oi^ tm mmomm. 

It» «o}ldIy owi^iriwled iiiaiiiiii^^ gwirfjioesMbgl^ke^ed; 

Mitid ii m to gire two uprights for the support o! the 

Fio. 36. 
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Htago, aud two oblique rest« for the haiulK. CloKt* to tl»(' nuinmit 
ot each of thene upri^^htH in u groove into wliicii the stage-plate* 
sHdes; and thin ina)'^ be either a Hqiuire of nuKleraU^Iy thick glawH, 
or a plate of elnniite having a central jx*rforution into which a disk 
of the Hann* inat<*ri}il inuy Iw* fitted so us to lie Hush with its sur- 
face ; one of tliost> being readih subHtituted tor the oi}u*r, us ma\ 
«nit the use to In* latnle ot it. Hlie magnifier is < arried on 
an arm working on a raiked stem, which is ralseti or lowered by a 
mille<bboad pinion attm*hed to ti pillar at the fuitber right-lmnd 
comer of the stage 'I'lie length of the ruck is Huffi<*ient tcrtkillov. 
the ana to jidjust<Hl to any fo(*nl disianct* )s‘tween 2 inches 
lUjd l- 4 th of an m(*li But as the height of tlu^ pillar is not 
sufficient to allow the u.se ot u lens of it im'hes fixnis (which is very 
useful for large ^iissectious), the ana carrying tin* lenses is mode 
with a douhle bend, which, when its jfosititm is reversed (oh is 
readilv done by uuscrewing the milled head that attaches it to the 
top of the racket! gives the awlditional inch required. As in 
the t^uekett MicnwojK', a Compound body niay^ be easily fitted, if 
desired, to a separaU* arm ca|>able of being pivottcd on the same 
stem. The mirmr frame is fixed tt> the wooden basis of the inatru* 
ment ; and places for the magnifiers are made in grooves breath 
the haud*»ttpports.— Tiie ad%'antages of this fi^neml design have 
now Ih^ satiHfacttvrily demonstrated by the large use that 
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iMa loiMie it; bttt the details of its e(>!i8truetl<m (such aa tite 
beigbt aaad i»lopo to bo gjveo to tho hajad-mt») may be eai^y 
adapted to m<iividtial reqtiiremeiite. 

47. Beck*$ Mirroseo^, with Nadiet^^ A, 

Hobetantia} and elaborate form of Pisoecting Mioroooope, devised 
by the lato Mr. It. Beck, is represonied in Pig. 36, From tlie 
Httglee of a squat'e mahogany lm»o, there rise iour Btroug brass 

Fn;. 



It-H'k's l)is««»cting MicrfW«‘oi»«', with Xrt<’h<‘t’rt biii<»cular 

|>illurH, whii'h Bupporf-, iit a height of 4 iuehes, a brass plab* 
bj mehes square, iiaving a central aperture of 1 inch across; upon 
tills reste a circular brass plate, of which the diameter is equal t^^ 
the sidt»of the prece^iing, and which is attitcluid t<» it by a revolving 
fitting that surrouiidH the central fiperture, and can be tightened 
i)y a large milled-head beneath ; whilst above this is a third plate, 
which Khdes easily over the second, being held down njxin it by 
spnn^ wluch allow a movement of 1 J inch in any direction. Tlie 
top-plate lias an aperture of lij inch for the reception of various 
glas^s and troughs suitable for containing objects for dissectioti ; 
and into it can also be 6tt43d a sjiring-holder, suitable to receive 
and secure a glass slide of the ordinary size. By turning the 
lor^ circular pla^, the object under observation may be easily 
made to rotate, without disturbing its relation to the opticid por- 
tions of the instrument ; whilst a traverring movement may be 
given to it in any direction, by acting upon the smaller plate, 
left-hand back pillar contains a triangnlar Imr with rack-and-pinion 


M mmmvmm of im 

lor focal adjiistmeiit, jdbacfe wries tlie homontal 
for til© iopport of the ma a n^ri ; this arm can he t^amea 
awa^ toward tne left ai4e, bat ft i« provided with a stop whicn 
^ehedks it in ihe cmpoaite direction, when the magnifier is exa^> 
</rer the centre of the etatfe-apertnre. Beneath this aperture is a 
«o<mcftve mimr, which^ wen not in nse, lies in a recess in tin 
mi^ogany base, so as to leave the space beneath the stage ent^el} 
free to receive a box containing apparatus ; whilst from the right 
hand back comer there can be raised a stem canying a side con 
•d^mi^ilgdczis, with a ball-and-socket movement. In addition U 
the Single lenses and Coddington ordinarily used for the puimose^ 
of dissection, a Binocular arrangement was devised by Mr. H 
Beck,* on the principle ajmlied by MM. Nachet, about the sann 
-date, in their Htereo-pseuaoscopic Microscope (§ 38). Adopting. 
Mr. Wenham’s method of allowing half the cone of rays t* 
proceed to one eye without interruption, he caused the other hali 
to be intercepted by a jmir of prisms disposed as in Fig. 27, 2 , anrl 
to be by them transmitted to the other eye. It will Ije rea^iil} 
understood that tiiis arrangement, though pseudoHCopir for tiu 
Compound Microscope, is fdtuvrtfiropir for the Simple Microscoja* 
in which there is no reversal of the pictures ; and the Author can 
testify to the fidelity of the effect of relief obtainable )>y Mr. lb 
Becka apimratns, which, being carried on an arm snperpose<l upon 
that whioii bears the magnifier, can be turned asiae at ])leii8ure. 
But he has found its utility to he practicfllly limitcnl by the narrow- 
ness of its field of view, by its deficiency of light and of ma^ify- 
ing power, and by the inconvenience of the manner in which the 
eyes have to be a]>plied to it. — An arrangement greatly su}>erior in 
.all these pariiculars having been since %vorked out by MM. Nachet, 
lb© Author has combined this with Mr. H. Beck’s Stand, and finds 
every reason to Is* satisfied with the result ; the solidity of tiie 
stand giving great firmness, whilst tlu* size of the stage-plate 
tiffords omple-rooin for the hands to rest ujx)n it. The Objective 
in Nachet H arrangement is an achromatic combination of thiree 
pairs, having a clear aperture of nearly o-4ths of an inch, and a 
jwwer about equal to that of a single lens of one-inch focds ; and 
immediately over this is a jxdr of prisms, each resembling a, Fig. 27, 
having then inoHneil surfaces oiqiosed to each other, so as to divide 
the p^cil of rays passing npwanls from the objective into two lialves. 
'fhese are reflooted horizontally, the one to the right and the other 
to thu left ; each to be received by a lateral prism corresponding 
to B, and to lie refiected upwards to its own eye, at such a slight 
divergence from the jieri^endicular as to give a natural convergence 
to the axes when the eyes are applied to the eye-tobes supeiposed 
on the lateral prisms— the distance between these and the centroJ 
mwna made capable of variation, as in tim Compound 

Bino^^olar of the aaipe makers (§ 38). llie magniMng power of 
tins inatnunent may be augmented to 35 or 40 dkaneters, by 
♦ of the Mkroscopicsl Society,” N. 8. VoL atii (ie64>, p,8* 
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a emimve lens in each eye-pieoe, which coiaverti!i the 
combiBaliotL into the likeuegs of a Galilean telescope (or opem'^ 
glaesh and this arrangemeBt (origmally suggested by Ptof» 
Brikke of Vieima) has the additional advanta^ of increasing the 
distance between the object and the object-glass, so as to givt? 
more room for the use of dissecting instruments. — ^I'o all who are 
eng^ed in investigations requiring- very minute and delicate dis- 
section, the Author can most strongly recommend MM. Nachet'w 
instrument. No one who has not had experience of it, can estimab* 
the immense advantage given by the Stereoscopic view, not merely 
in appreciating the solid form of the object under dissection, but 
also in precis3y estimating the relation of the dissecting instru- 
ment to it in the vcrttAUil direction. This is especially important 
when fine scissors are being used horizontally ; since the course of 
the section can thus l)o so regulated as to pass through the plants 
desired, with an exactness totally unattainable by the use of any 
monocular magnifier. 

4S. FiekVa aud Mo'ifufuia Microecapp., — This instru- 

ment, constnicted on the plan of Mr. W. P. Marshall, is a com- 
bination of a llissccting Microscope with a set of apparatus and 
materials for the preparation and mounting of microscopic objects ; 
i he whole being paerkM in a small cubical case about seven inches 
<*ach wav, convenient both for general use, but more particularly as 
a travelfiug case for carryigig the several requisites for the exainma- 
fion and mounting of oiqects into the country, or to the seaside. 

-1lic Microscope can be used either Simple or Coniix>un(l, as 
shown in Pig. ‘^7 ; and is fitted with a mirror, side-condenser, and 
stago-forcef)s, and with metal and glass stage-plates ; a dissecting- 
t rough, lintul with cork, also fits into the opening of the stage. 
The Simple Mi(Toscoj>e, as used for dissecting and mounting, is 
shown in the lower figure ; it has two powers, used singly or in 
oomhination, which are can‘ic?d by the smaller arm of the stand, 
'rhe ComjKiund body, as shown in the upper figure, screws into the 
larger arm of the stand, and has a di%ddea objective, giving a rang<s 
of thre§ jiowers ; the nose is made with the standard screw, so as 
^ lit any first-class objectives. A telescopic sliding arm, fitting 
into a socket on either side of the stage, can also Imj used to carry 
the simple-microscope powers, as well as a larger low-power lens, 
^bat serves also as a hand-magnifier ; and the arm can be readily 
fixed in any desired position for extunining objects away from the 
instminent.* A watch-glass holder, used upon the glass stage-plate, 
gives the means of sliding steadily uj)on the stage in any dir^ion 
objects that are under examination in a watch-glass, A tum-table 
for mounting purposes is carried upon a long spindle that woiks 
through the comer of the stage (as shown m the lower figure), 
the arm of the stand serving as a support for the hand whilst 
using the tum-table ; the top is made of the size of an ordinary, 
glaae slide, and the sHde is held upon it by an india^bi>er band« 
A hot plabe fits into the opening of the stage, and is heated by . a 
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lf|:^t4amp pliM^ ia the positioa of tk© mirror, which i» then 
tamed to one side ; and the largos arm serves also as a watch- 
fidass holder for preparing c^stals hj evaporation over the spirit- 
lamp. A selection of materials required in preparing and mount 

Fio. 87, 




FidJ's I>i8»c>ctiiig ami Mounting Miorosocnx', 

ittg objects is supplied in a rack of bottles sliding in the case ; 
ana a set of inatniiiient«--di88ecting*net*d]cs, knife, forceps, dipping 
tnb(^ bnishos, <S:c. — with a supplv of cover-glasses, ecus, do-, art' 
oanied in the three drawers ; all the different contents of the case 
being readily accttssible when it is set ofx’n, as shown in the 
hiwer part of the figure.* ^ 

• The whole of this Apparatus i« auppried conq)lf*te at the modemte cost 
dt Alt or, withoal the Compoaod body and tnclioed niovemeat of the etecL 
at AS l0«. 


COMPOXJlsn) MICKOSOOm, m 


(OMPOUy» MICE08C0PKS. 

40, Of the vanous formB of Coimjound Microscope, the greater 
number may be grouped with tolerable definiteness into three prin- 
cipal Claflses : the Fird consisting of those high-class instruments 
in which the greatest i)OHsible j>erfection and completeness aro 
aimed at, witliout regard to cost; the Second including those which 
are adapted to all the ordinary rwpiireraents of the observer, and 
which can be fitte<l witli the most important Accessories ;• whilst 
to the Third belong the Htudents’ and Educational Microscopes, 
in which simplicity and oheapnens are made the primaiy con- 
siderations. Besides these, there is a class of Microscopes devised 
for tmv.cial purposes, but not suited for ordinary use. — In ^1, save 
the last, the same basis of support is adopted ; naraelv, a iripod 
‘foot,’ carrying a pair of uprights, between wlmjh the MicroscojM* 
itself is swung in such a maimer, that the weight of its diflereut 
}>art8 may be os nearly as tiossiblc balanced above and below the 
centres of suspension in all the ordinary positions of the instiai- 
ment. This double support was first introduced by Mr. (hxirge 
Ja<;kson, who Hubstitiited two pillars (a fonu which Messrs. Beck 
retain in their Large Microscope, Blate vii,, and is now iidopted by 
Messrs. Ross, J’laUj v.) for the single pilhir, counected with the 
Microscoiie itself by a ‘ cnulhj-joiut,* wluch was previously in uwi, 
and whicli is still employed in many Continental models (Fig. 4rj). 
But in place of pillars screwed into the tripmi base, the uprights 
are now usually cast in one piece with the base, Inith for greafijr 
solidity and for facility of constmetion (Fig, 119); while iu moat of 
the more recent models an ofien framework is ailoptotl (more or less 
resembling that first deviseil by Mr. Swift, Fig. .^0), whicli combines 
great steadiness with lightness. Messrs. Powell and Lealond, it 
will l>c observed, adopt a tripod support of a diflereut kind (I'ig. 48 
and Plate VI,); still, however, carrying out the same fundamental 
principle of swinging the Microscope itself between two centres. 
An entirely new and vciy effective mode of swinging the body has 
lately hien introduced by Mr. George Wale of New York (IHg. 44). 
Two different modes of giving supjiori and motion to the * body * 
will be found to prevail. In the first, which may be called the 
Horn model ^as having been originally adopted by Mr. Andrew Ross), 
the * Ixidy ’ IS attached at its base only to a transverse ‘ arm,’ which, 
being pivoted to the top of the ‘ stem,’ is raised or lowered mth it 
by the rack -and -pinion action that works in the pillar to which the 
stage is fixed (B’lg. 52). The fundamental objection to this metlusl 
is, that unless the transverse arm and the body are constructed 

* It is troe tb*t the most important of tlieso aecoseorifs may bo applied U* 
of the smaller and lighter kind of Mhroecopee; b«t when it is desln'd 
to render the instnumtni complete by the addition of them, it is far prefersbie 
to adopt one of those larger and more avbatantin] models, which have been 
devised with express refereneo to their most advantageous and roost conve- 
ttknt employment. 
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witt great «oHdity, tbe absence of supjwrt along tlie lengHi of 
the latter loaves its ocular end sul^ct to vibration, which 
becomes unpleasantly apparent when hign ix)wer8 are used, giving 
a danc^g motion to the obiects* With the view of preventing Ous 
vibration, the top of the ‘ Wiy * is Hometinies connected with the 
bach of the transverse ann by a pair of oblique ‘ stays ’ (Pig. 48); 
but the usual plan is to obtain the n^qiiisite firmness })y the thick- 
ness and weight of the several parts. In the other, which may be 
termed the lach»<m model, ana which was first adopted by Mr. 
James Smith (the predecessor of Messrs. Be<*k), the body is 
supported along a great }>art of its length on a solid ^ limb/ whereby 
vibration is reduced b) a tninimnni ; and thr rack, which is acted 
on by a pinion working in that limh, is attached b> the body itself ; 
a oonstniction that gives a great sTnoothness and easiness of 
working (Plate vii.). — Having made use of in stvnmeuts constructed 
by the cKist makers on both mcHlels, the Author has no hesitation 
in expressing his preference for the second, whicli is now employe<l 
by most English makers (having Umui adopUnl ])y Messrs. Boss 
themselves in their more recent instruments), and by nearly 'all 
American. He regards it as certain that greatt‘r freedom from 
vibration can be obtained in lightly-framed Microscoiies constmeted 
on the Ja^'kson mo<lel, than in any but the most solid and cumbrous 
of the old Boss pattern ; and feels assured that the principle of 
supporting the / boily * along a great part of its length (which 
may be applied in a variety of modes) will in time siipiTsede that 
of fixing it by its base alone, which is obviously the iiUHie leant 
adapted to prevent vibration at its ocular end. 


In describing the InstrumeutH w'lu<di he has selecttHl as typical 
of the several groups above emimerated, tlie Author wdshes not to 
l>o understood as giving any sjHH'ial preference to these, aliove what 
may be the tx|ually go^ instniments of other Alakers. The num- 
ber of those who now construct really excellent Microscopes has of 
late yearn increased greatly ; but tlieir models are for tfce most 
part copuni more or less closely from those previously adopted for 
their high-clasB Microscopes by the thrtHJ princiiaU Firms which 
long had exclusive |x>8session of the field, \Vhere any individual 
Maker has introduced a real novelty, cither in plan of construction* 
or in simplification leading to reduction of price, the Author has 
thought worthy of sjMHdal notice ; wliilst tlie limits within 
whiim ho is restrict^ oblige him to content himself with a bare^ 
m^uluoii of other Makers whose prcKluctions are favourably known 
to hbn. It will be found most advantageous to commence with the 
and SiitdmiM* Microscopes, as the most simple in con- 
ftt^ction ; and to proceed from these through the Seemid to the 
Mr4ft»0km Microscopes, reserving to the last the group of instru- 
monts adapted for S}>ecial purposes. 
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TttlRJO-CLASS MICROSCOPES. 

50. Very important contributions to our kuowliHljiye of Katuro 
have unquestionably been mode by the assistjuuje of instruments 
not surpassing the least perfect of those now to be described. And 
there is this advantage in commencing Microscope- work with a 
simple and low-priced instrument — that the risk of injury to a 
more costly Microscope, which necessarily arises from want of 
exjierience in its use, is avoided ; whilst the inferior instrument 
will still be found serviceable for many puriK>Hes, aftcw a Isjtter om* 
has been acquired. MicroscoiH^s, of whatever Class, should l)e 
provided with the ' Society’s screw ' now UHe<l not only by British 
and American, but also by several Contiuenbil Makers; so that 
any (d their Objectives may be fitted U* them. (Stjc Soto, p. 70.) 

Kih(,ratlo aid 3f/ nrmroprti. 

51. Fh'UVu Edu^ofioual M(rrosi'opt\ - lliis instrument is known 
as the * Society of Arts Microscope,* in consequeiuje of its having 
gained the medal awarded by that society in 1855 (at the suggestion 
of the Author) for the hoHifkrec-guhmt Compound MicroH(iO|)e that 
was then produced. It has two Eye-pieces, and two dichromatic 
Objectives. C/ondenscr, Live-]M)x, &c., and retains its pL'ice amongst 
useful iustruinents of low price. It is wo’tluu the knowledge of 
the Author, that the pro(>uction of this instrument has greatly 
j)romot(*<l the spread of Microscopy among many to whom the 
pursuit has proved most valuable as a refreshing and elevating 
occupation for hours that might have Ix^en othcjrwisfj either K|>eut 
in idleness or turned to much worse account. 

5*2. CroitcA's EihtA'(filo)i(d- is a very simple and 

at tin* same time serviceable, instmment (Fig, 58) ; well suitetlfor 
the difmlay of Botanical objects, small Insects or |>urtH of larger 
ones, Zoophytes and Polyzoa that may ]>e [>icked up on almost 
a uy sea-sliore, or the Circulation in a Frog’s foot. I n order to mini- 
mize its cost, the ordinary modes of focal adjustmiuit are diH{)ense<i 
with ; #ie ‘ (xmrse ’ ad justment Ixjing made ])y sliding the body 
through the tulx; which grasps it, and whitdi is lined with velvet 
to secure a smooth and equable ' sHp’; and the ‘ fine * by slightly 
dmwiug-out the eye-piece. Tliis metliod answers very well for the 
low jxrwers for which this instrument is intended ; and it has the 
advantage of not allowing the adjustment which a Teacher has 
made, to be readily disturlxsl by the Pupils to whom an object is 
l>eing exhibited. It is provided with a side-condenser for illu- 
minating opaque objects ; and with a diaphragm-plate fitted into a 
tube which is screwed into the aperture of the stage, and which i.s 
adapted also to receive a polarizing prism and spot-lens.* 

55, Parke0*s Edticatimial Mlrro^cope. — Such as desire a large and 

• The cost of this instrument, with x dividmg ohject-glftss of I inch sad 
1 inch focus, in mahogany case, is only £2 10#. 
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iitibstaa^ iastrtoeat, trMch may he ad^tantageously tise<3 
hr higher powers, and made to serve a greater variety of ptirposes, 


Figu 88. 
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will filui the reprosonUHl in Fi^^. very suidablo to 

Huch requirements. It is solidly 1»uilt, without Iniiiig unduly 
weighty, carries a of full tliaineter (wliieli eiui lx* lengthened 
hy a draw-tube to ton iuolies), and stands well u}k>u its liase. The 
^noarse’ adjuainiowt is umde (as in the prec^eding case) by sibling 
the \m\y within the tiil>e that gras|>« it, the lining of which with 
cloth makes it work very easily (Fig. ; but a rack-and-piuion 
movement nmy h* adtU^ at a small adilitional cost. The * fine ’ 
adjustment is made by a screw (tiimetl by the milled-head at the 
tc^ of the vertical pillar), which acts on the (carriage of the Ixsly ; 
and as this carriage slides betw^^en dove-tailtni grooves, the adjust- 
mait ia made with entire freedom from ‘ twist/ The Microscope is 
furnished with two eye-pieces, of vrhich the lower is^refemble for 
oMeots r^uiring good definition ; whilst the l^her gives a flat 
fidd of ei^t inches diameter, suitable for Sections of Wood and 
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otlw*r like objects viewed with the low-power objective, The powers 

r!o, 89* 



Purices^e Edaco-tioual Micr(wct>i*e* 

OBoallj supplied are a separating combiaation of 2 inch and 1 iach, 
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Jgr li«e of two eyo*pioce« aad tJio draw-tabe, givos a 
, |ii3w ^ IHTwer from l5 to 110 diamoters ; aaid a Mth 

70^11^ fiom by tlie itame meaxxs« a ra^ige of 
fower cm be obtwed from 140 to 450 
^ the stage is famished with a cylkdrical itfeag, 
A ma$s^ two diaphragms (oae with a small ^ertare^ the other 
Ll^ larger) for regulatinig the quantity of light reiected from 
w lairTor to Ihe object, a gronnd-glass for the equable diffhaion of 
the light over a large field, and a ‘ spot-lens * for blach-gronnd 
iUnmmaticm# The nurror is plane on one side, and concave on the 
other ; and a condenser for opaqne objects is attached by a jointed 
arm, giving universal motion, to the tube that carries the body. 
The Objectives of thk Microscope, as of most of those constructed 
by Ae same Makers, are made to fit into the nozzle of the l3ody by 
their ‘patent sliding adapter/ which enables one power to be 
exchan^d for another without any screwing or unscrewing. Bnt 
theiT^ Microscopes can l>e used with any objective carrying the 
‘ Society’s screw,’ by sinqily unscrewing the special nozzle from the 
end of tlie body . And by sliding the special nozzle upon either of 
its own objeotiveH. tliis may be used with any other instrument 
furnished with that screw * 


uilrnfH Microiicopes. 

54, The prinrijile is now universally recognized, that the fonn oi 
Mioroscoj^ liest adapted to the wants of the Medical or Biological 
Btudeut, is one in wlueh aiinplicity and compactness of general 
oonstmctiou are combined with excellence in optical performance. 
*^0 demand for instniments of this kind was first met by Con- 
tinental Opticians ; and at the time when Messrs. Ross, rowell 
aud Lealand, and JSmith and Beck — then almost tlie only con- 
structors of Microscopes in this country — sold no Objectives but 
such as would stand the highest ti'-sts and were costly in jiropoi*- 
tion, recourse was necessarily had, by such as desired "simpler and 
cheaper instruments, to the Opticians of France and (Jeraiany; 
among whom MM. Nachet, Oberhauser (succeedeil by Hs^^-tnacK), 
and Kellner (succeeded by Gundlach), long shared the chief English 
demand. A large number of now Makers, however — many of 
thm trained in one or other of the three principal establishments 
just uamed-^'have now entered the field ; and have put tliemselves 
XU fair competition with Continental Opticians, and with each 
other, alike in the excellence of their work (both mechanical and 
optic^), and in moderation of price. A distinct class of ‘ 8tudents’ 
Microscopes ’ of English construction, more or less framed upon 
Contmcntal models, has thus come into general use ; afformng 

• The price of tlii« Microscoj)© with the abov«>-name4 AcoesHories, in » well- 
mibUe mahogitay (hsts is £6 10«. An Ol>jt»ctive of 1-Cth inch focus, giving a 
maadmmn ^>wur of 5f50 degew'*', or one of l-7tb inch giving « maximitm power 
of 700 diftiaetm'S, may he subatitnted for the l-4th inch at a ven" small adntneo 
of ecNit, A Tolariscoi>e and Achnunafic OondemK^r con bo eaaiiv added. 
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choice, hi the vedeties of theh pettem, to msk aa majhavc 
a K^relpsuce lor mm cr ofher them m moet euitahk to the work 
m whi<^ they may be engaged. With few exoepMone, the Hkro* 
ii^pes properly hdongin^ to this dam have the mnaU dboH ** ho<^* 
(capi^e, however, of bSng lengthened by a *draw.tnbe*) ^ tfo 
Oonlanental instramente ; and thin Is grti4?|M by a tube attbehed 
to the * limb,* ia snch a manner ae to ^ve a support that itt free 
from vibration even when high powers are in use. In the dnipkit 
models, such as that of Messrs. Baker (Fig. 4<)), there is no rack- 
und-pinion movement for the ' coarse ’ aujnstment, which can be 
very t*asily made by sliding the Wly through the tul)o which holds 
it, providtHl that this be lined with cloth or velvet : but the rack 
movement C4m generally be added at a small cost. A ‘ fine ' adjust- 
ment for exact framssing, by means of a mkTometer-screw worked 
by a milled-heail, is always providtnl ; and this movement may be 
given in difiTereut ways. In tlie rontinental models, the screw is 
usually contain('<l within the pillar that supports the arm (»r limb 
to which the carriagf^ of the body is attached, the milkHi-heiwl 
)*eing at its summit (Figs. 40. 45) ; this answers well if due pro- 
vision Im? ma<le to prevent ‘ twist’ of the movable portion (causing 
latenil displacement of the image), without interfering with its 
freedom of verti<*al motion. By many British and American 
makers, the fin<^ jeljustment is mad«' to net on a tube within the 
* nose ‘ oi the IsmI v. int4» which the o})jeetjve is serewid ; this l>eing 
raised or lowere<l, either hy a lever contained within the arm, which 
is ack’d-on by the milled-head carried by it (as in the original Uohh 
iiKxlid, Fig. 52), or by a shorter h»vpr at the lower cad of the body, 
to which the milh.Ki-beadfKl H(u*<nv is attmdtod (as in Messrs. Beck's 
liurgc Micromx>]a‘, Platt*. \ii.). I’liis niothod is subject to two dis- 
advanttigcH : (1) that the focussing tube which carries the objective 
tran scaretdy >h* imulc h) %vork with tin* rtHjuisiU* facility, without a 
liability to ‘ twist,’ whit h l>ecomt*K very perceptible after mijch 
wear, in the disjilaccimmt ol tin* image* when a liigh tuagnifying 
|H>wcr is in use ; an<l (2) that by the vertical mov(jment thus given 
to the i(k>cuMsing tulx% the working length ot the body, and con- 
sc^^nently the magnifying power, undergoes change in every adjust- 
ment for focus. 'Phe plan of fine adjustimuit which has been 
adopted fn^ra an American model by Messrs. Boss (Plate v.) and i« 
cinploj^r**! in Wale’^s New Working Microscopt) (Fig. 4'!'), st^ems to 
the Author in every way preferable. Here a lever contained within 
the limb, and act^*on ]>y a micrometer- screw at its back, pves 
motion to a long slide. w<>rkirig in dovetailed grooves, behind the 
racked slkle which carries the Ixaly ; and this can be made to work 
very easily, without either ‘ twist ’ or ‘ lost time.’-*~The Stage of 
StudenW Micro»co|>e» is often a simple plate of brass, with a 
couple of springs for holding down the object-slide ; but in mmw 
models (F^s. 40, 45) there is an ‘ upper stage-plate’ of gloss, roiating 
in the optic aris of the body. liito the aperture of the sta^e a 
cylindrical fitting is usually screwed, for the purpose of receiving 
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the AceeKBoriefi termired for giving varied ilhimination ; the most 
indiBjmsable of tnese being Diaphragms of ditferent apertures. 
These should he ho fitted that they can he lirought up flush ^tb 
the level of the stage ; the Hmitation of the illuminatmg pencil for 
the puri>o»e of obtaining the beat definition, being much more 
effectively ma4^ie by a very small aperture (not exceeding a large 
{fin -hole) close to the under side of the object-slide, than by a 
wider aperture at some distance Ixmeath it. For the same repon, 
if a rotating * diaphragm-plate ' (§ flB) he emjdoyed, containing a 
graduated series of apertures, it should he attache<i to the under 
aide of the Stage itself, and not to the bottom of the cylindrical 
beneath it. For perfect regulation of the light, nothing is 
SO meotive as the ‘ Iris-diaphragm’ (§ 98) ; and this, as Mr. Wale 
hm ahown (§ 60), may be constructed so cheaidy, that its general 
adaption seems very desirable.- — The mirror should be double, one 
of w surfaces plane and the other concave ; and it shotdd be so 
;ateohed (1) that its distance from the stage may be varied suffl- 
allow the rays reflected from the concave side to be either 
brougid to a focus on the object, or to pve a uniform iUumination 
over a larger field, and this alike with tne parallel rays of daylight, 
and the diverging rays of a lamp ; and (2) that it may be thrown so far 
out (d the optic axis, as to reflect rays of considerable obliquity. The 
first of these objects is answered by making the iniiTor- frame slide 
upon a stem fixed into the bottom of tha pillar (Fig. 41) ; but tbij^ 
does not give sufficient obliquity. Tlie second is readily provided^foi 
by attaching the mirror-frame to a swinging bar, pivoted to the under 
Hide of the stage (Fig. 4*2); this gives any amoimt of obliquity, but 
does not enable the distance of the mirror from the stage to be varied , 
If the mirror-frame be made to slide on a stem, it should be moimted 
on a jointed arm, so as to Iw? nradc capable of reflecting very- 
oblique light ; or, if attaclied to a swinging bar, this bar should hv 
made cax>al>le of elongation by a sliding piece working in a dove- 
tail groove (as in Wale’s Microscope, rhg. 44), ho as to allow its 
tlistauce from the stage to be viirietl.- A very ingenious arrauge- 
ment of the rotating * upper stage ’ has l>een devisetl by Mr. Joiin 
Phin fof Kew York). It is so fitted with a short tu)»e, that it may 
be slid into tlm cylindrical fitting, not only from alarve, but also 
from ; and as the object-slide rests ujron the springs which 
press it upwards against the stage-plate, not only may light of any 
degree of obliquity be thrown upon it, but the advantage of a 
^ 8&ty-st^e’ 117) is obtfiined, smeo the springs that support the 
slide readily peld to any pressure exerted on it by the obgectivt?. 
A StudenFe Microscope fitted with this form of ‘rotating stage 
and with either Wenham’s * disk illuminator.' or * WoeSward’H 
prism ^ (§ 101), and having the mirror hung in the manner just 
recommended, will be found capable — if furnished with good Objec- 
tives*-^ nesolving all but the most difBeult Diatom-teste. 

In regaid ^ the qualities of the Objectives desirable for a 
Student's ^fecroscope, the Author feels assured that he expresscf- 
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the fX)rnictioii of tii« most exponoiiced i^orhar^ in various depart^ 
inents of BioloxictU enquiry, when he r©-afl5jm» the doctrine of 
which nearly half a century's varied exmmence has satistiod hini, 
hut which has been of late vehemently contosti^d (not always 
very courteously) by AficroHC4)pi8ts whose rauj»e of study has been 
less extended — thai //f)o(f drjihiiiou^mth moderaU angle of aperture, 
is the esBontial requisite ; Objectives of this class beinj< not only 
much more easy to use by the inexj^X'rienGed, but frtxmently also 
^jiving much more information even to the exiwrienceu (in virtue 
•of their jjreatt?r * jametratiou' or ‘ focal depth’), than can bt^ obtaineil 
from Objectives of the very wide angles required for the resolution 
of difficult diatom- tots (see § 161). Every one who is at all 
conversant with the recent history of Micro-Zoidogy, Micro*Bota»y, 
Micro-Geolog)^ or Animal or Vegetable Histology, must know that 
at least ninety-nine hundredths of the enormous additions made to 
mch of these departments of enquiry during the last quarter of a 
century, have l)een worked-out by Objectiveft of the kind here 
recommended; and those who affirm that all this work i« «o 
i*nj>eirfect timt it will have to bo done over a^n with Objectives 
of excessively wide aperture, have to prove the fact. Doubtless 
ytcic inethodif of preparation are constantly revealing novelties in 
whole classes of t>bjects which (it was s^jxisml) had been already 
studied exhaTistively ; and no one can affirm that he has mode out 
everything, in any object, which it is capable of being thus m^e to 
show. But the Author fltels confident that no such extension of 
onr knowledge is likely to take place in this direction, as will 
require the habitual use of the v(*ry costly wide-angled Objectives, 
which certain MicroHcopistn, osTs^cially in the United States, ai’c 
now extolling as alone trustworthy.* In confirmation of the fore- 
going remarks, the following additional authorities may be cited : — 
Ur. iWle, Histological ex|>erience no one can call in question, 

eays (‘^How to Work with the Microscope/’ ♦'’dhed., p. 10) For 
“ orrlinary work it will be found inconvenient if the object-glass, 
** when in focus, comes too clost^ to the object. This is a defect in 
glosses having a high angle of aperture. Such glasses admit 
uiuelf light, and define many structures of an exceedingly delicah? 
nature wliich look C/onfused when examined with ordinary powers. 
** For general mieroncopir v'fork, however t gJaHttcii of medium aiMiular 
“ apoHure are to he reejjmnyoided. Glasses having an angle of 150° 
“and upwards are valuable for investigations upon many very 
delicate and thin structures, such as the Dlatomaeem ; htd sueh 
**mwefr« are md well adapted for ordinarg 7vork,** Bo Dr. Heneage 
tribes, who has been trained under Dr. Klein, one of the most 
^listinguished Histol^sts of the present day, recommendii the 
student (“ Practical Histology and Pathology,” p. 6) to get some 

* The cost of the Objective of l-4th inch fficas sad 170® spertare, made by 
Hr. ToUeiL of Boston, is 70 dollars (about £14) ; which Wimld purchase a 
very good English Student's Hicroscope, with a series of excellent Obfectives 
op to l-lOth 
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to tofftf Idle ol9ieoi>gliMMM»fi }m tlmlMi of i 

■ %» ibom m iiittt tboy iiro tested oii eomHisw^calolige^ 

"iWl fwarf ^ tIMomft, m angles nm$mryfi>r i/moknng M 

" iBihlihtnaeem or# ihe rmers0 qf vsqftd io the ymmg liistohglti,*^ Jwid 
Dr, l#eidy, ol HisladelphiA, eveiywhere well known as a most able 
BioWioal worker of large and varied experience, who has lately pro- 
dnoed an admirable Monogim)li (illustrated by 48 beatitiful quarto 
plates) on 1^ Fresh-water Ehizopuda of North America,” m^:es a 
pointi in his Introduction (p. tl), of informing Students “ that Micro- 
'* scopic observations, such as thos«» which form the basis of the pre- 
** iMsnt work, do not require elaW>nite and high-priced instruments ;* 

the Htudents’ Microscopes of 
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Zetitmayer, Beck, or 11 art- 
nack, with a ]wwer of l-4th 
or i-r)th inch, and the occa- 
sional use ol a l-8th or 1 -lOth 
iiK-h, lurmHhing all that is 
needed. “ 1 give the above 
“ htateinout.*’ he adds, ‘‘not 
“with any disjxjsition to de- 
“ tract from the value of tlie 
** various iiiagniliccnt iu- 
‘‘iStrunientH so much in 
“ u>gue. imt with the ob- 
“jto ot dispelling a com- 
“ moil impression wid<‘ly pre- 
*• valent, at least among 
*• those with whom 1 habitu- 
** ally come into contact, that 
‘*tlie kind of work such a« 3 
now ])ut forth can be done 
“ only witii the help of elalxi- 
rati‘ and t'xiieusive instni- 
“ metits,”* 

bb. Bakers Hiiuhafs Ml- 
t rnsarpe. Most of the condi- 
t ions above sjiecified as desir- 
able, are well fulfilled in the iu- 
stnimeut represented in Fig. 
P) ; whicli might easily be 
brought into entire confor- 
mity with them. It is ex 


tremely l%ht and handy ; and i« so well liung as to la* very steady 
in all positions. It is provided with a rotating glass stage; and 


• Now lUat tho n'qmrcinents of a Ht«deut'» Microscope are so deftnitely 
tmdorsiood, tlie Author would sujargfi’st whether a would not be better that a new 
atandkrd screw t>f much smaller siaw than the ‘ Swiety’s’ should l>e adt^ted for 
If, so as to euable 8tiide«ts’ ‘Objectives' to be in the small hghit *inoBiit«^ 
tiatd on the Continent, instead of hi tlie uiaasi ve monnta which tho Society’s screw 
necessitates; especuilly aa, on the construction already recommended 17), m? 
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57. CcSirn't Studeufg Mioroteope.^’JHm iartsnuMak (B%. 41) i» 
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«uiU»irni*tecl ou a i>lan altoj^etlier difforent ; the lK)dy liaviag the 
diameter of that of the larger Microscopes hy the same maker 

for thickiiees of coverinp-glags is required, <"vrn for higli 
|>0W!rf». A small light * uosopier^*/ for ohangts of Objoctivf‘.% could then 
00 added at & low cost, — to th<‘ great convruiicncn of the worker, Hiwh 
llicr<w;opifita m, conimenciug with ‘btudenth’ iSicroKfopes/ afterwards provide 
thetniwlveff with more c(miplcto iijKtrnmcuts, would rcadilr <mploy their 
HittdeiitA* ohgecti%"c» with the ktb'r hy mcaus of an ‘ft<laptcr/ But the Author's 
expenooco would lead him to rccomiiujnd any one ong*ag< d in v^mirch to keem 
ids Htodeut's Mierfujcofx^ with its <»wn aeries of Objc^rtivcH, eonatantly on hw 
twblc ; and to have rccourw^ to Ms larger iostrumont, witli its ftr«t*elfta» Ot^ec* 
fives and varied metboda of lilomiaatieu, only for the more eoraplete aenrany 
of thepreparatiems he has made with hia siaipler tnwlnl. 

• The price of this inatrumeut, with one Eye-pleee and two ObjecUvea 
(I iftch and l-4th inch\ in Oaae, ia b gulai^s; or, with mck-movmmt for 
coarse adjiiEdmcnt, 6 gnmcaa. 
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(Fig, 49), »o as to receive their eye-pieces, and ))eing capable of 
elongation by a draw- tube to the full ordinary length. It is pro- 
vided. with a rack-niovetnent acting on a carriage attached along 
the length of the ]x>dy (as in the Jackson model) ; and the top ol 
this carrieH the milled-head for the fine adjustiinmt, which acts 
upon a lever near the l)ottc)in of the carriage, so as to raise or lower 
a focussing tube within the nozzle of the body. 

InieruiitUmal Microf:co 2 )e. —The Stinlent who 
may be willing to incur a slight additional expense, for the sake 
of obtaining a substantiitl and well-constructed instniment, cannot 

do better (in the Author s 
jiidgnient) than possess him- 
self of the International Mi- 
croscope of Mr. Pillischer 
(Fig. 42), in which the ad- 
vantages of British and Con- 
tinental methods are in- 
geniously combined. The 
pillar, carrying a rack-move- 
ment witfi cWble milled- 
head, is swung on two ui> 
rights set on a solid foot, 
in such a manner as to be 
well balanced; and at the 
topi:>f the racked stem is the 
iniiled-lu'ad that works the 
screw for fine adjustment, 
raising or lowering the hori- 
zontal anil wliich carries ^he 
i»o<iy, without twist or loss of 
time. I’lus arm carries a 
tube final > screwed into it. 
through which tlie body 
slides; and while this ar- 
rangement, by giving addi- 
tional support to the lower 
part of the body, effectually 
antagonizes vibration, it al- 
lows the iK)dy to be raised to 
a height that permits the use 
of objectives of 3 or 4 inches’ 
focus, for which the ra^- 
movement is not long enenmh 
to provide. On the outMe 
is ^ <dip hav- 

MlseWFs IntcimUoaal Microscope, attached to it a lomted 

arm tiiat carries a condensing lens for opaque objects ; which, by rais- 
ing in* lowerii^ the clip, or turning it round the tube, can be bright 
fiateaayreqniredpositiom The8l%eissim|de,andcamesarotatiiig 
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(liapKrafrm-plateon itsunder side. The mirror is attached to a 

bar, which might eawily be made to elongate like that of the Wale 
Microscope (§ 60). — The special merit of this model (of which 
the Author can sjxJak from considerable experience of its use), 
lies in the facility with which both the coarse and the tine 
movements may be worked wdth either of the hands, while resting 
on the table in the jioaition most convenient for luanipulatinj;^ tlu^ 
objec't on the stage ; an advantage which evewy real worhyr with a 
simjde instrument of this class will appreciate.* 

II 08 HH {ZraiiHfUfey) — Another instrument 

of snjx^rior make (Fig. 4*1), has lately been introduced by Messrs, 
lioas, with the view of afibrding to the Stmleni the advantage ol 
the * swinging tail- 
piece for oblitpie illu- 
mination,* devised l^y 
Mr. Zentmayer ; of 
which a fuller descrip- 
tion will be given in 
it» application to their 
Hrat-clase Micro8co{>o 
(§72). This tail-piece 
«wing8 round a j)ivot 
which »erces for the 
attachment the* 

stage to tin* limb ; and 
at the back of the limb 
is a milk'd -head work- 
ing on the projecting 
ond of (his pivot, by 
tightening wdiich the 
»toge may be linuly 
in Its ordinary 
horizontal ixjsition, 
whilst by loosening it 
the stage may bo made 
to inclme to one side or 
the other. The ‘tail- 
piece * carries, between 
the mirror and the 
stage, a ‘ sub-stage/ fit- 
ting into which may be 
screwed an ordinary 1 
inch, li inch, or *2 inch 
Objective, which answers the purpose of an Achromatic condenser; 

* Th^ cost erf the iiImwo Micixwcopo, with two Eyo-pSeCes (B sad C), w>d 
two Objectives (5-8tb« and l-7ih iiich) jtiving— with the Draw-tube— ii range 
of ttcwers from to 420 diameters, vacked m a very Compaq 
10». Orf. ; or, with the addition of wa A Kye-pieoe, a If or 24n^ 
l^ohurising Apparatus, and Beale’s Drawing Camera, 
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Ross's (Zeutmayer) Student's Micrafloope. 
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and wlben a penal of light reflected from the mirror been miule 
by it to focus in the object, the swinging of the ‘ tail-jnece' to one side 
or the other will give any degree of ohiiejuity to the illuminating pencil 
tiiat may be desired, without throwing its foc'us off the object, as 
lies In the plane of the centre round which it turns. The ‘tail- 
piece ’ may even be carried round above the stage, so that light of 
various Afigrees of obliquity may be concentrated ujMin opaque 
objects. The object-platform of the stage is of glass, and rotates 
lonnd the optic aads m the microscope ; so that the object may be 
oblique rays from any azimuth. A mechanical sta^O 
Vtm& be addoiC tf deinred,— -The workmanship of this simple model is 
of £be Itkhest dasa ; and there is little red worh^ of which, in the 
hhud# m m observer who knows how to turn the instrument to the 
best imeotmt, it may not be made capable, by the jddition of a 
l^dariseope. Paraboloid, and other accessories, which its Sub-stage 
adapts it to receive.* 


66. WaU*it Working A Studt'ni’s Microscope 

lately brought out by Mr. (leorge Wale (U.S.). deserves special 
notice, on account of several ingenious improvements which he has 
introduced into its construction. ~ln the first place, the * limb ’ 
which carries the bo<ly and tin* stage, instead c'f being swung 
by pivots — os ordinarily — on the two lateral supports (so that the 
balance of the Microscope is greatly altered when it is much 
inclined), has a circular groove cut on cither side, into which tits a 
circular ridge cast on the inner side of i^ach suppirt. 'J^he two 
supports, each having its own iore-fcM >1 , a re cast separatc‘ly (in iron), so 
as to meet to form the hinder loot, where they uro held togetht'r by 
a strong pin ; wliiio by turning the imllc<bhea<i on the right sup- 
IHirt, the two arc drawn togetlier l)y a screw, which thus regulates 
the pressure made by tlietwo ridges that work into the two grooves 
on the limh. iVhen this pressure is mcKleniti', nothing can bo 
more satisfactoiy than eitner the suux)thness of the inclining 
movement, or the balancing of the instrument in all positions; 
while, by a dight tightening of the screw, it can be firmly fixed 
either horissontdly, vertically, or at any inclination. The* ‘ coarRC * 
adjustment is made by a smooth-working rack ; whilst tiff* ‘ fine,* 
in^e by a milled-head at the bock of the ‘limb,’ raises or lowers tlio 
body by acting on the slide that carries the rack-and-pinion move- 
ment. The body is furnished with a long draw-tube, which carries 
a screw at its lower euil lor the reception of objectives of foci too 
long to be worked from the nose of the outside body. The stage, 
though thin enough to admit very oblique light, is very firm ; it is 
dreumr, and has on all-round groove near its ei^e, alike on its 
Upper and its nnder side. Into this groove there a spring-clip 
for holding down the slide upon the stage ; and this may not only 
be turned round into any jx)sition above the stage, but may ms 


• trhe price of the Microscope, as above figured, ia Case, is 10 guineas. Kone 
bat fifAt^elass Oblectivea am supplied by Moasrs. Boas ; but the* Student whor 
Uuda th^ too costly may obtiun elsewhere such as suit his requirements. 
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reversed so as to bold the slide against its side, thus enabling 
light of any dewee of obliquity to be thrown on the object. A remov- 
able ‘ lris-dia|)nragm * (§ 98), which is made to open or close by a 
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screw-action, is fitted into the s^e In such a manner that its aper- 
ture is very dose to the under side of the olb^'oct-sMe^'-^an arran^** 
meat than which, in the Author's opinion, nothing can be better. 
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11*i» apkiiy be a cyliadrieal fitto 

fmlMtAdf Ac. Tbe doable ttarror i« camed apoa 
vwiiw m a |awt frm tbe froi*t of limb bkieatb 
^ J|«g0, mA £ capable of cxteasioii by a dovetail slidiag bar, 
thifi iaetaament {so far as its mecbaaical arraa^ 
maati are coacemed), comes nearer than any others that the 
Anthor has »ee»,to his idea of a in4>M Stodent’s Microscope.* 

( 51 . KacM's BiiMienfs MIgw- 

Fjg. 45 . srope. — This instrument de- 

serves special mention for cer- 
tain peculiarities of constniction 
whicn distinguish it from the 
ordinary Oontiutmtal model of 
MicroscojKjsof this class. While 
most of those can be used only in 
the vertical ]>()sitioji. the Micro- 
scope of MM. N achet is attached 
to the supporting pillar by a 
cradle-joint, which allows it to 
iHi inclined at any angle. The 
body is furnished with a draw- 
tube, by which it is shortened 
for packing: and is embraced 
by a tube which carri(*8 the 
rack, •so that it is well sup- 
]>orted, and may bo readily 
drawn out and replaced by the 
Binocular already described. 

d8. Fig. -8). I^he * slow mo- 
tion * is given b)' a milled-head 
piac'ed at the top of the .siidiiig- 
Ktem, HO as to be near tliat whitm 
gives the rack*and-pinion fwl- 
justmont. The chief }>(‘culiarity 
of this instnimeut, however, lies 
in its Stage, which tlie^Author 
has no hcKitation in pronouncing 
to be the iwsf pt'i/eci of ita kind 
Oiat has been yet devised.f Its 
base is formed of a thick plate, 
llachet's Student’s Microscope. 3i inches square, havingalarge 

circular aperture; and on this is 

* Thie Miemsoopf*, with two Eye-piweR, oud with fairly good Objectives of 
^S-Ords and X-6th incli, i» sold in New Yt>rk for 85 dollars, or little more than 
jC 7. It could probably be made in this couutrj’ (if there were a con^derable 
denuuid for it) for 8 goinoas. 

t This which, ou the Aatbor^g reconunendation, has been c<^ieti, first 
*t>y Mr. Oroiich, aud now by other Engliah opticians, scsems to have h*eiji 
oiiidsiiiJQv invented bv Mr. S^tmaver of Philadeltjbia_ 
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gnprpoaed a dcrcniar plat© of 3 lachos in diiwmotor, tt> v liloti a 
moTon^t, oonoentiic 'iritii tli© optic vm of the Itiexo* 
«o<3^, caaa he given with great Inthieeii^jPlarplatea d^ 

ol fiiin platotglaee ie oemented with olaok cement, the united th&h^ 
hees of the two around the oentm! apertnre being not more than 
i^th of an inchf so that light ol the greatest chliqni^ tmXL be 
transmitted io the object from beneath. The rotating plate ie far* 
nished with a projecuon at the back, to which ig attached a st^ng* 
V-shaped imr of gpringg, having their extremitios armed beneam 
with small ivory knobs, which press dom on the Object-carrier, 
This last consists of a brass frame furnished with tongues and 
springs projecting forward for the reception of the sUde, and 
also with a Jmir or knobs, to which the fingers may Ix) applied in 
giving motion to it ; whilst the frame encloses a piece of plate^ 
glass a little thicker than itself. Thus the under surface of the 
glass-plate of the Ohjoct-carrier slides over th<5 upper surface of 
the circular glass stage-plate ; being hold down upf>n it and retaine^l 
in any jx>8ition by the pressure of the ivory knobs. The advantages 
of this arrangement he (1) in the perfect facility witli which the 
Object-camer may bo moved, and the steadiness with which it 
keeps its jdace when not nnduly weighted ; (2) in the facility with 
which it can be roa<lj\isted, in case the movement should l>ecome 
too easy, by bending down the V springs ; and (li) by the absence 
of liability to dorangenicpt by rust— a point of great importjince 
when work is being clone witli soa-water or chemicals. The front 
|>ortioii of the rotating plate bears a small projecting piece on 
either side, into which may be screwed a pin that carries a sliding- 
spring ; this arrangement is suited for securing a Zoophyte-tronA 
or other piece of apparatus not suitable to Iwing re<ieived by tlie 
object-carrier, w'hicli can be easily slipped away from Iwueatn the 
ivory knobs, tlms leaving the stage free. To the under side of the 
stage is firmly pivoted a broafl bar, into whi{5h is screwed a short 
sprung tul>e, that l>ecomes exactly concentric with the optic axis of 
the instrument, when the bar (which is shown tnmed away in the 
figure)^ puslnxl beneath the stage until checked by a firm stop; 
and as this bar is composed of two i)iece8, held togefther by a pair 
of gcrt>ws working through slots, the centering of Sie tube may be 
precisely readjusted if it sliould at any time Iwwome faulty, into 
this tulio may be inserted another that carries either (1) a 
lliaphragm, sliding with caps of different apertures ; (2) a Polar- 
izing prism ; (3) a Ground-glass for diffusing the light, which may 
be either plane, or a plano-convex lens ground on its flat side which 
is directed upwards ; (4) an Achromatic Condenser ; and (*5) a Glass 
Cone, having it© apex pointing downwards, and a layge black spot 
in the centre of the convex base directed towards the object, which 
gives an excellent ‘black pound ’ illumination. Lastly, the Mirror 
is attached to a stem which is fto jointed as to enable it to reflect 
rays of very great obliquity, — ^To those who wish a compact ins^- 
ment of great completeness and capability, which may be worked 
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*wltmEtftgeoxi8ly even with high powers, the Author ewa strongly 
rocoxmu^^ this Microscope. The Objectives suppHed with it arc 
of great excellence and very moderate coet, and are quite adequati^ 
for aH the ordinary purposes of scientific investigation. 

62. Brotf7nin^^H Uotating — ^The i^eculiarity of this 

instrument is that, as in many of the (Continental models, the 
obje(?t-platform (B).with tlio limb carrying the body above it, revolves 
together ; whilst the lower plate of the stage (c), with any apparatus 
fitted into it, as likewise the mirror, remains fixed. Thus tht* 

(»hject is enabled to receive il- 
lumination in every azimuth, 
without any derangement 
either in its centering, or in its 
t\ k'jU lul jn st ment. The body is 
su}>|><)rt<jd, as in tin; .liieksou 
model, upon a limb, which 
is firmly fixed to the rotating 
plate H of the stage. In the 
simplest form of the instrn- 
ment, shown in the figure, the 
rotation is efieeted by pressing 
a fing<;r on the projecting ])ius 
uttaehedto n; but if recjuired, 
a can be made to move by a 
pinion and toothed wheel, 'vith 
graduated seale atta<‘hed ; and 
a snh-Htage tor carrying illumi- 
nating apparutuH can be fixtyl 
to an arm below i . 'rhis Mi- 
cn)HcojH* is further character- 
r/A\\ by the solidity of its several 
parts, 11 nd the care token in 
its construction to secure it 
against derangement from an 
aceidental strain, it os parti- 
cularly adapfisl to the use of 
thos4‘ who work with high 
powers upon objects requiring 
the varit^d illumination for 
this rotating arrange- 
ent gives special facilities. 
Oottcii's Binoenhr , — hisinstmmeutfPlateiu.lwaa 

I at a time when the coustruction of the Binocular was still 
sively wnfined to the makers of First-class instrumentH i 
imd it had the gtvat merit of bringing within reacli of the Student a 
oonveuient oaf well-coastructed Bmocular, at a moderate cost. 
With improvements it has since received, it still remains one of 
instruments of its class ; and the Author, after considerable 
use el it» eon strongly recommend it to such as desire to possess u 
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Binocular at ouw cheap, good, and portable. Its ganmil anango* 
ment i» shown in }*lat« iil, but a mechanical stage can be substi- 
tuted, if desired. The rotating stage and object* holder resemble 
those of MAt, Naehet's Micros<*ope (l^Hg An Achromatic Oon- 
denser, Paral>oloid, Polarizing apparatus, <fec., can lx? added to this 
instrument; or it may 1 h? litte«l with Air, (Vouches ‘Universal 
Sub-Htage lllaminator.’ which, liki? that of Mr. Swift (Pig. 85), com- 
bines the different Accessories ordinaiily required for the examina- 
tion of transparent objects * 

ivi. liith rti Em'tiifiy 7b‘>o>r»f7or.— With a spiM’ial view to 

the of Studeuis in variiuis depailtneuts of Messrs. 

Baker hav(* adupUid a ShqjheuKuu Binoiuilar f§ d5) to the stand of 
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ibeir Student’e Microscope, as shown in Kg. 47 ; with which the 
stand ol their Laboratory Dissecting Microscope (Fig. 35) may be 
so combined as to afford the requisite support to the hands, when 
they are engaged in dissecting (or otherwise manipulating) objects 
on the stage or the Binocular, An ordinary Monocular body may 
be readily substituted for the Binocular ; and the same Eye-pieces 
and Objectives serve for both. The low cost at which this iustru- 
paent is made, will doubtless cause many to possess themselves of 
It, whose pursuits will be specially facilitated by its use,* 

Excellent Students’ Microscopes .'ire now [>rodiiced by many other 
Makers; among wliom Messrs. Beck should be particularly mentioned, 
H8 having led the way in supply int; low-pnccd but really serviceable in- 
struments, such as could at that tune only bo obtained oh the (’ontinent. 
Their ‘Kconomic’ Microscope framed ou the (’ontineutal model, and 
furnished with good Objectives of I inch and 1 rth inch, is sold for 5 
iUuneas; and other Objectives specially constructed for it, ranging to 
the 1 U>th inch, with a complete set of Accessories, are 8ui>phed at a 
very nwxleratc cost. The same Makers 8U])ply an * Kconomie’ M'cnham 
Binocular, having two ])aii8 of Kyo pieces, three Objectives, a glass r<»tat- 
ing Btage, and a jointed lengthening arm to the Minor (whicli allows it 
to lie used uhn r the Stage for the illnmination ot «»n'i()ue objects'' for 10 
Oninews.-- Mr. (’ollins also Kupplics a 10 guinea Wenhani IbnfHuilar, 
with Objectives of 1 inch and I '4th inch (HO ), the latter being Bjiccmllv 
adajtted for use wdth the Biiiorular, by a,shoit mount which brings it 
eloiwj to the Wenbiun pusin Mr. Swift makes a H'ollege' MicroKcopc, 
in which the Stag(‘ is Httc<l w itb a revolving diaphragnoplnte of ingenious 
ooustniction, that brings it« n]>ertur«‘« up to the level of the object slide 
Of Mr. Oroucirs and Messrs. Tarkes’s Students’ MicroHco]>e« also, the 
Author can speak with apjiroval, as regards Isith the mecliamcal and tlie 
ox»tical part of their woi k 

tv. M n yi^hCOlntf — I uder this head uiuv be ranked 

iboKC instruments whi<*h combine tirst-rate workmanKliip with 
Himplicitv in the plan of couptruction ; and whitdi inuv be eonse- 
miently designated us * Superior Students' Mu rohcojx^H.' Among 
tiicpu the first pluei' nhould bo giA'cn to Mes«rH. fhiwell and ijoalaud’H 
Siiudfer iUi>rosroj)e( Fig. -48), which wa« long the favourite instrument 
of Bnti»h Ilifttologiata, and which, though not a<laj>it‘d for objectn 
requiring very oblique light, is still in demand among those who 
value first-rate workmannhip, with all convenient appliancew for 
ordinary Biological repearch. A Sub-stage (not shown in the 
figure) carrying every kind of illmninating apparatus, can be 
attached b^meatn the stage ; and the large angular aperture now 
given by Messrs. Powell and liealand to their Immersion Achro- 
matic Condenser, enables this instrument to resolve the most 
difficult test-objects, 'live stand is well suited to carry a Binocular 
iKHly ; which may be fitted not only with the ordinary stereoscopic' 

^ The price of this BlnocuUr, witli one psir of Eye-pioces, a dirldiag Objec* 
five of 1 Inch and t inches, and a l-4th incii of 7(F, in I'ase, 10 guineas. 
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Weaham’ pri«m* bnt also with the noa-stereosoopic arraagemeat 
I these Jokers (5 Bl), which onablea even the highest powers to 
p used binocuiarly, though not sterooHcopically. 

|60- The value of StenM)scopic Bmocular viaioa in Scientiru' 
pivestigation being now aclnutteil by all who have really worked 
^th it vnon ituUahU (dfjertH, the Author would earnestly recom- 
bend eveiy one about to provide himnelt with even a Se<Jond«claH«< 
tficrosoope, to incur the small <'xj)<‘UHe oi the Binocular addiUou 
Phis addition, however, will lose an imporUint i'lemeut of its value, 
Fro. 4S 



FowuU And Loaland’s Smaller Microneope. 

f ^0 Stage of the instrument be not adapted to rotate in the optie 
ms of the Body; so tliat objects which are l^ing viewed by 
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UgHt may be preeented to tlw illturinatiiig rays in ever] 
^r^tiofiu .^ong the first to reoomke this principle, and to appl] 
it in practice, were Messrs. Beck; whose Pojp^da/r Microscopi 
(Pikte IV.), de’^ised by the late Mr. B. Beck, will be found ver 
suitable to ths wants of such as work with low and moderate powers 
upon objects for the study of which Binocular vision is peculiarly 
aavanta^ouB ; and especially serviceable to Travellers, as the inge 
nious way in which it is framed and supported enables it to bear e 
good deaJ of rough usage without injury. The original Bossluodel 
here adopted in the support and movement of the body, is- 
fmfficiently steady when only moderate powers are employed ; and 
the stem that forms the centre of the whole, is swung immediately 
behind the stage on a broad stay g, which, again, is attached by a 
pair of centres at its lower angles to the tnangular base f. The 
lower end h of the stem carries a stout i)rojecting pin, which fitp 
into various holes along the median line of the base ; whereby the 
instrument may be firmly stcjadied in positions more or less inclined, 
or may bo fixed upright. It may bo also fixed in the horizontal 
position required for drawing with tlic Camera Lucida; for the pin 
at«the bottom of the stem then entt*rs th(r holo at the top of the stud 

K, and the stay o falls fiat down, resting on the top of tlio stout pin 

L. The advantages (jf this construction are that it is strong, firm, 
and yet light ; that the instimineut rests securely at the particular 
inclination desired, which is often not the case on the ordinary 
construction when the joint has worked *loosc ; and that in every 
posirion there is the needful preponderance of })a1ance. The Stage 
n is circular, and upon it fits a circular plate t, which rotates in tne 
optic oris of the Microscope. Cn the plate T there slides the Object- 
Wder TJ, which is so attached to it by a wire spring that bear.«< 
against its under surface, as to bo easily moved by either or Ixitli 
hands; and a» access can lx? readily gained to this spring by 
detaching the plate t from the stage, it may either be removed 
altogether so a» to leave the stage free, or iiiav be adjusted to any 
degree of stiffness desired by the observer. The object-holder has 
a ledge v for the 8upi)ort of the slide ; and it is also provided with 
a 8T U «11 spring w, attached to it by a milled-head, by turning which 
the spring may be brought to bear with any required pressure 
against the ed^ of the slide laid upon the object-holder, so as to 
prevent it from shifting its place when rotation is given to the 
stage, or when, the instrument being placed in the horizontal 
position, the stage becomes vertical. The central tube of the Stage 
%B furnished with a rotating Diaphragm-plate, and is adapted to 
receive various other fittings ; and a Side-Condenser on a separate 
stand is also supplied.^ * 

€oUim*8 jttarhy Binomlar. — ^This instrument, as represented 
in fig. is substantially framed and well hung on the RosJ 

» The price of tliis instrument, with two pairs of Eye-pieces, three Ohjec- 
tihriM (a of 10*^, * 1-inch ot 32% and a l-4th of 75*^, tind Slde-Ccmdeimei 
ttfcttttd. in Ceae. Is £16 10#. 
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model ; but is now made also ou the Jackson model at the sAiyift 
price. The caps of the Eye-pieces are provided with shades, which 
cut off the outside lights from each eye ; these can be adapted to 
any instrument, and the Author can speak strongly of their value from 
his own experience. The Wenham prism at the common base of 
the bodies is fitted into an oblong box, which slides through the 
arm that carries them ; this contains, in addition, a Nicol analyzing 

Fig. 49. 



CoUiuB’s Harley Binocular. 


prism, and is also pierced with a vacant aperture ; so that,^ by 
merely sliding this box transversely until its aperture comes into 
the axis, the insfemment may be us^ as an ordinary Monoculars 
or, if the analyzing prism be made to take the place of the WenhM, 
whilst the pdlaming prism beneath the sto^e is brought in^ 
positicm by rotating the Diaphragm-plate in which it is it is 
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cairyicg two 0l3e<Siyes, by a sliding movemont of wMcli 
wet* may be subs&ttitod for tbe other.* 

Ohalleufje Microseopp . — The instrumont constructefl 
under this designation by Messrs. Hwift, is one of which it may be 
fairly said that it is surpassed by no other of its price in the excel- 
lence of its workmanship, and its suitability to tlio general wants of 
the Microseopint. Tlie hupjwrt on whicli it is hung is extremely firm 

Fio. M. 
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and substantial without being heavy ; ami when tlio limb is brought 
to ihe horizontal position, resting on the cross plate between the 

♦ The prioe of this iastniment, with Mechanical rotating Stage, two poii^ 
of Bye-pieces, two Objectives (either a 2-ineh of 12®, oi a 1-uich of 18% with a 
l-4th 01 95®), Sldc-Oondenser on Stand, and Polanzing sjuiaratue in Cabinet, 
Sa jC 10. AocftsiMwiea of varions kinds can be readily fitted to it — A ‘ firet-dass’ 
Binocular is also constrocted by the same Maker on the Jackson model. 
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itwo ttprightd, ik> inatmaeiitie «tiH well bakaced* The tack anA 
faaion movement is mad© with oMique teeth ; a contttuction wWeh 
favoara smool^ep aud wensitiveaeaa in the adj'istment, se that a 
l-4th inch Objeetivo may be focussed by it alone, llie fine adjuat- 
ment is made hj the mifled-hood at the lower end of the body. — It 
is a peculiarity in this instrument, which especially fits it for those 
who work much with Polarized light, that the analyzing prism is 
fitted into the body above the Wenham prism, in such a manner 
that, \vhen its fitting is drawn out (without being removed), it is 
<*omplotoly out of the way of the light-rays; whilst, wncu the use of the 
Polariscope is required, the prism can be at ouco pushed into thi' 
I)ody, working in conjunction with the Wenham prism, ^riiisinode 
of mounting the analyzer is found to interfere much less with tlu‘ 
ilefinition of the objective, than the insertion of it Ixjtween the objec- 
tive and the Wenham prism. The Stage rotates in the optic axis ; 
and may either bear (as in the figure) a sliding object-carrier, or may 
Ik) furnished with mechanical actions. The mirror is attached to the 
stem by a crank-arm, allowing it to bo so placed as to refiect light 
of considerable obliquity. Heneath the Stage is a broad horizontal 
dovetail groove, into which is very exactly fitted a firm (spning) 
slide tliat carries a Sub-stage for illuminating apparatus, fitted with 
a vertical rack movement, and with horizontal centering screws ; 
this arrangement (devised by Mr. Swift) enables the Hul)-stago to 
be plac'cd in position removed, without disturbing either th(* 
stgige or the mirro)*. ^Phe extremely ingenious Universal Sub-stage 
-combining Achromatic ('ondcns(n% Black-ground Illuminator, 
and Polarizer with varied adaptations --devised ])y Mr. Swift for 
this Microscope, but capable of being uiqdied to any other, will b(? 
described hereafter (§ lp2). The Autnor, having had bis iuKtm- 
mont (thus fitted) in constant use for several years past, feels 
justified in unreservedly exjirossing his high appreciation t)f it.* 

fib. Browning's Hniollrr JJinomlar. — This instru- 

ment, represented in Fig. bl, is of more substantial build than the 
Students’ Binocular of Messrs. Baker {§ G4) ; and is further dis- 
iinguislied by its special adaptation for use with Polarized light. 
In place of the refiectiug pnsm at the junction of the inclined 
bodies, a plane piece of dark glass, silvered on one face, is hung on 
a horizontal axis at the polarizing angle; its silvered face being 
turned in front when it is used for ordinary purposes, so as to 

* The price of tliis instrument in the simple form hero figured, with ono jAir 
<»f Eye-pioccs and b(3St 1-inch and 1-4 th inch (80®) Ot^’ectives, and ('ondonduK 
lens on separate stand, in Case, is £14. A mochanical sttigo costs £2 10«. 
additional, and the Rub-ntago (without fittings) £2 2«.— A very ingenious 
‘ swinging sub-stago’ lias l)oeu lately devised by Mr. Swift (“ Joum. of Koy. 
Microsc. Hoc.,” vol. iii,, 1880, p. 867) for obtaining illumination of any degrw 
of obliquity, even by two pencils at once. The (jondenser is nuwlc to slide on 
an arc-pioce (as in Mr. Grubb’s an'aiigement, 5 72), which is prolonged above 
the for opaque illumination ; and with this may bo combined a second 
junc-piece at right angles to tlie first, carrying a second Goadensor, which is 
iound serviceable in the n^solution of difficult Uiatom-tests. 



Bro'wuing s Smaller StcpUt ueun llmocular, 

aiaAlip«r, itistttnxed on its ajdaby means of a milled-headsoastobring 
tbo oark-glass surface to the front. Further, by fixmg into the arm 
the tu^ wMch carries the objective, with its fine adjustment, and 
by that which contains the dividing prisms and mirror, 

and which al^ carries the double body, slide over it, the latter cam 
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«itl36r be tamed ball roxmd, eo as to point tbe eve«|]ieo6t m tb» 
reverse direction (for tlie eihibitioa of tbe object to anobsemr 
sittiiig at the opposite side of a small table) without my disturbauoe 
of the adjustmeuts ; or it can be lifted off altogether, and replaced 
by au oroinary Monocular body • 

FIRST-CLASS MICROSCOPES. 

70. We now pass to an entirely different doss of Instruments— 
those of which the aim is, not simplicity, but perfection ; not the 
production of the best effect compatible with limited means, but 
the attainment of everything that the Microscope can accomplish, 
without regard to cost or complexity. To such, of course, the 
Stereoscopic Biuocular is an indispensable tvddition ; and it is not 
less essential that the Stage should have a roiedory niovemeni m the 
Optic cu Ih of tiKi imtmnmd / — not only for the due examination of 
opaque objects, as already mentioned (§ 66), but also because this 
movement is requisite for the effective examination of very delicate 
fntHBpamit objects by Oblique light, allowing the effect of light 
and diadow to be seen in every direction ; and, in addition, lieoause 
in the examination of objects under Polarized light, a class of 
appearances is produced by the rotation of the object between the 
])nsm8, which is not developed by the rotation of either of the prisms 
themselves. 

71. Rons' fi FirsMass Mi/'rosrojm. — As what is known as the Ross 
model is still made, being preferred by some purchasers, wo shall 
commence with a notice of the original form of the instrument 
which has gained so high a celebrity. — The general plan of this 
Microscope, as shown iu Fig. 52, is carried out with the greatest 
attention to solidity of construction, in those parts especially which 
are most liable to tremor, as also to the due balancing of the weight 
of its different parts upon the horizontal axis. Any inclination 
may be given to it ; and it may be fixed in any position by a clamp* 
ing screw, turned by a short lever on the right-nand upright. The 
‘ fine ' adjustment is effected by the miiled-head on tho transverse 
arm jusIP behind the base of tho ‘body ; ’ this acts upon tho ‘ nose ’ 
or tube projecting below tlio arm, wherein tho objectives are screwed- 
The other milled-head, seen at the summit of tho stem, serves to 
secure the transverse arm to tliis, and may bo tightened or slackened 
at pleasure, so as to regulate the traversing movement of the arm ; 
this movement is only allowed to take place in one direction, namely, 
towards the right side, being checked in tho opposite by a * stop/ 
which secures the coincidence of the axis of the principal ‘body ^ vnth 
the centre of the stage, and with the axis of the illuminatiug 
apparatus beneath it. The object-platform, to which rectangular 
traversing motions are given by the two milled-heads at the pgbt 
of the stage, is also made to rotate in the optic axis by a milled- 

• The price of this instroinent, with one jwiir of Eyo-pioces and Otijectltws 
of 1 inch (16®) and l-4tJi in<;h ( 75 ®), is £ 20 . Any Accessories can readUy oe 
ftdded to it. 
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[ placed undenieatli the stage on tbo left-hand side ; this turns 
a pinion which works against a circular rock, whereby the whole 
apparatus above is carried round about two-thirds of a revolution, 
withont in the least disturbing the placse of the object, or removing 
it from the field of the Microscope. Tlio graduation of the circular 
i*ack, moreover, enables it to be u.sed as a Goniometer (§ 92), Below 


Fig. 52 . 



Boss's First-class Microscope. 

the and in front of the stem that carries the mirror, is a 
dovetail hiding-bar, which is moved up and down by the miiled- 
haad shown at its side ; this sliding-bar carries what is termed by 
Mr. Boss the * Secondary stage ’ (shown separately at B), which 
oemsists of a ^be for the reception of the Achromatic Cc^enser, 
Bohuizinf prisms, and other fittings. To this secondary stage a 
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traversing movement of limited eictent is given by means of two 
HcrewB, one on tbe front and the other on the left-hand side of the 
frame which carries it, in order that its axis may be brought into 
jierfect coincidence with the axis of the body; and a rotatoiy 
movement also is given to it by the turning of a milled-heaa, 
which is occmHionally iiseftil, and the exact amount of which is 
measured by a graduated circle. — The special advantages of tliis 
instnunent consist in its general Htcadiuess, in the admirable finish 
of its workmanship, and in the variety of movemouts which may 
1)6 given lx)tb to the object and to the fittings of the secondary or 
sub-stage. Its disad vantages consist in the want of portability 
that necessarily arises from the substantial mode of its construction ; 
and in the liability to treinfjr in the image, wh(ni tlic highest powers 
are used, through the want of support to the body along its length 
(S 49).'»-TliiH last consuleration has mduceil Messrs. Hoes to adopt 
the ‘ Jai'kHon-moder iu their more recent Microsi^opos ; the newest 
and most complet(‘. form of which will lx* next described. 

72. Uofiii'H Imjn'omi JackKon-Zenfmayer M iovfffojHK — Jn this 
admirable instruimmi (Plate v.) the Jack son -model is followed as to 
general construction, whilst it is improved-on in various imjK>rtant 
particulars. The ‘ limb ’ that supports the principal body with the 
usual rack-and-jiiuitm slide for coarse adjustment, carries also a 
second (or foenssing) slide at the back of tne first, to which a slow 
up-and-down movementtis given by a lever passing through a 
channel in tlu; limb, which is actod-on by a micronumeter-scrow 
with a largo millt;d-head placed in a very accessible position, 
lliis arrangement renders the ' fine adjustment cpiito free from 
either ‘ twist ’ or * loss of time,’ wdiilst permitting it to work with 
sufficient freedom; and has the advantage ol not affecting the 
magnifying power by altering the length of the body. Further, if 
a divided scale (with a vernier) be engraved on the edge of the 
limb, the thi<ikness of any uncovered object lying on the stage can 
l>e measured with great exactness. The rotating stage-plate 
(gr^uated at its edge to serve as a Cloniometer), is supported upon 
a firm li^jg coiuposod of metal of peculiar inflexibility ; and to tliis 
it can bo secured in any azimuth by a clamping-screw beneath. 
Its single traversing platform is moved in rectangular dire<ition« 
by two milled-heatls placed on the same axis, that work a com- 
binatiou of s^ew and pinion (devised by the ingenuity of Mr. 
Wenhom), w^hich is placed above instead of beneath it; and in this 
device more oblique light (it is aflirmod) can be brought to bear 
upon the lower surface of the object, than in any other mechanical 
HtAge yet constructed. The stage-ring is not immovably fixed to the 
limb, but is attached to a conicaJ stem, which passes through fhe 
tulmlar mvot of the swinging * tail-piece ' to be presently described^ 
and IS clamped at the back oi the instrument by a strong screw aaad 
nnt. Thus the stage may be made to incHne towards either side at 
any ^gle, so that a view may be gained of the sides and edges cd 
a soM object, as well as of its front ; or it may be removea fdto* 
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geth^. and replaced by any other form o! object-eopport more 
aoitabie to the epecial reqmremeiita of the individnal Microecopist. 
--^The most important noyelty, however, consists in the adoption 
ol the (patented) Zentmayer method of giving to the entire illu- 
minating apparatus any desired degree of obliquity. The ‘ idea ’ is 
by no means new ; and it was carried-out many years ago by the 
late Grubb of Dublin, who fixed beneath the stage a sector or 
arc»pieoe of nearly a semi-circle having its centre in the object, upon 
which the attachments of the mirror and condenser were made to 
slide. But the arrangement devised by Mr. Zentmayer, is not only 
far simpler, but also more ofiectivc. It consistH in swinging the 
* tsdl-pieoe^ which carries the mirror and the secondary or sub-stage. 
Upon a pivot placed at the back of the stage, the horizontal axis oi' 
wnich is in a line with the point of intersection of the optic axis 
of the body with the plane ol the object on the stage ; so that the 
axis of the condenHcr sliall always pass through that j>oint, what- 
ever may bo its inclination t«» tin* jM-Tpendicular. By means of this 
arrangement, every kind ot illuiamating npparatus adapted to the 
sub-stage can be made to act at any obli<|uity whatever ; and as 
the tail-piece may }>o swung round on the side opposite to that of 
the milled-heads of the traversing stage, until it is brought con- 
siderablv above the stage, oblique illumination may l>e thrown by 
the conaenser, not only on the under but also on the vppei* surface 
of any object. It is one great jul vantage •!' this method, that con- 
donsera of large angle of aperture are not ro(imrod tor the purposw* 
of oblique illumination ; tne converging pencils given by ordinary 
Objeotivesof 1 inch or 1 J inch locus, uschI as condensers, being fully 
adequate. bbrUier, the swinging tuil-j>ie<‘o may be used to measure 
the angular aperture of Obiectives in the manner to be Hereafter 
desoriim; its inclination to the optic axis being marked by a 
divided arc on its upper segment, which also enables the illumi- 
nating angle at which auy j)articular object is bt‘Rt seen to be ob- 
served and recorded. — Altogether, it may be unhesitatingly affirmed, 
that the Zentmayer system enables the best results of oblique 
iUonunation to be obtained with greater facility than an’" other of 
aanol effectiveness ; while the simplicity of the constniction of thi* 
whole instrument enables Messrs. Koss to reduce its cost conside- 
rs^ below that of the old Ross or Ross-Jacksou models. 

To. Potceli and lAKilamTff Inrge Mnnucofc . — ^Theae eminent 
ICokem have not made any essential modification in the construc- 
tion of their large Microscope, represented in Plate vn. ; preferring 
to ftumkh tile very oblique illummation now in general demand by 
eitiiun^ng the ani^lar a|>erture of their Achiomatio Condenser 
(§ 00^ The chidr peculiarity of their model consists in the attach^ 
meat both of tim Stage and Bub-stage to a large solid brass ring* 
wMch is firmly secured to the stem of the instrument. The upper 
sid» of tins rin||[ bears a sort of carriage that supports the sta^ ; 
and to tins carnage a rotatory movement around the optic atie of 
^ printipol body is given by a milled-head, the amount of this 
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ixiOTOiMLt (wMab oe carried throi^h an entire rerroluticm) 
beinjf exactly measnrea by a graduated circle. Theatage, wbidbt te 
fqmebed with the uauai traver^g movemente, worked by two 
xopled^he^ on the same axis, is made thin enough to admit of the 
m^or being so placed, by m^s of its extending arm, as to r^eot 
light on the object from outside the large brass nng that supports 
the stage and sub-stage. Light of the greatest obhquity, however, 
may be more convenientiy obtained by on Amides pnsm (§ 102) 
placed above the supporting ring. The sub-stage is fumishea with 
rotatory and rectangular, as well as with vertical movements. The 
instrument is so well balanced on its horizontal axis, that it remains 
perfectly steady without clamping, in whatever i>osition it may be 
placed. 

74. Bech*8 FirsUelass Microswpe, — It was by this Firm that the 
Jachanu model was first adopted, for which the Author has already 
expressed his preference (§ 49). Besides the steadiness imparted to 
the double body by the support given to it by the limb along the 
greater part of its length, it is on additional advantage of this 
construction, that, by continuing the limb beneath the stage, the 
secondary body or Sub-stage (wmeh carries the illuminating ap- 
paratus) is mi^e to work in a dovetailed groove that is ploughed- 
out in continuity with that in which the rack of the principal body 
slides, an arrangement obviously favourable to exactness of centeriim. 
The Stage has a nearly complete rotation in the optic axis of the 
mstrunieut, motion being given to it by a millod-head beneath the 
stage, the pinion attached to which can be readily thrown out of 
gear when a more rapid rotation ol the stage by hand is desired ; 
and it bears a graduated circle at its margin for the measurement 
of angles. It is fitted immediately beneath the object-platform with 
an iris -diaphragm, worked by a lever action. 

75. Bech*8 Improved FiraUclaaa Microscope, — In order to meet the 
demand for very oblique illumination, and to supply this in a mode 
yet more x>erfect than the Zentmayer system, Messrs. Beck have 
adapted to the preceding instrument a swinging sub-stage, carried 

an^hat works rurally upon a large vertical disk attached \0 
the limb, oir the plan originally suggested by Mr. Grubb ; his semi- 
circle being extended, however, into a nearly complete circle, so as 
to al^w the arm canying the sub-stage and mirror to be brought 
ro^d to the upper side of the stage, for the illumination of opaque 
essential feature of their construction, however, 
which differentia^ it from every other yet devised, consists m a 
provision for adjustog the illuminating apparatus to the tluck- 
ness of the glass slide on which the object is mounted. This is 
eff^ted by making the disk with its radial arm, slide verti- 
cally in a dovetail fitting; the illuminafing apparatus attached 
to it, at whatever degree of obliquity it may oe plac^, being 
raised or lowered (by a lever-handle) in the optical axis of the 
instrument, so as to enable the illuminating cone to be exactly 
focussed in the object itself— ‘Which on the Zentmayer model, can 
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with precision when the upper surface of the slide is 
^**^^^^*^*r ^ oi the horis&outal axis of the swinging ‘ tail- 
x^Sl* also, in this elaborate instrument, is so attached 

to ^ limb by a firm pivot, as to be capable not only of being in- 
0l3ilie<^ towaiw either side at any angle, but also of being turned 
‘OOmpletely over, so as to allow the ooject to be viewed from its 
under side — a provision to which the Author’s experience makes 
him attach a special value. 

Firs^dass Binocular Microscope-Stands, copied (more or less closely) 
from either the Ross or the Jackson models, are also made by Messrs. 
Baker, Collins, Crouch, Piliischer, and Swift, as well as by other makers 
of whose work the Author has no personal knowledge. — That of 
Mr, Crouch is distinguished by a j>rovi8iou for meeting the difficultj’^ 
which is continually experience*!, of keej)ing the imago m place during 
the rotation of the stage, especially whth high powers ; the adjustment 
which suits one Objective, not being good for anotlier somewhat dif- 
ferently centred. This defect presents itself still more frequently 
when a ‘nose-piece’ is in use; its centering being rarely so exact as to 
be free from an error that makes itself very jierceptihle when a high 
•power is exchanged for a low' one. By means of two diagonal screws 
beneath the stage, worked hy two imlled-heads at its hinder margin, 
Mr. Crouch affords a ready means liy w'hich the observer can adapt the 
centering of his stage to any objective he may have in use. — Mr. Brown- 
ing also constructs a First-class Stand for his Stex>henson Binocular. 

• 

Mit'Kosi opLs rou M’lxiAL rriiposi.s. 

Of the largo mimbor of liiHtruments whicli liav(* ])oon ingoniously 
.devised, each for sorno particular tiso, it would 1)0 quite lorcign ti) 
the purpose of this 'IroatiHO to attempt to give an account. A 
few fomiH, however, may b<‘ notiood, as distiuguishod either by 
their special luiaptivenoHS to very common wants, or by the inge- 
nious manner in w’hicb the requirements of particular classes of 
investigators have U^en mot. 

7d. I)r. llmle's Fochf 3/ “This instrument consists of 
an ordinary Microscojjo-body, the which is fitted with 

a draw-tulie that slides simiothly and easily ; whilst its lower 
ond is fitted int.o an ouUt tube, of which the end projects beyond 
the objective. Against this projecting end the object-slide is heid 
by a spring, as shown in Fig. 5J, being fixed (it necessary) by a 
ecrew-clij). The coarse adjustment is made by sliding the body 
through the outer tube which carries the object; and the fine 
nc^nstment by sMing the eyo-tuhe in or out. The object, if trans- 
pBXmif is iUuminatcHl either by holding up the Microscope to a 
window or lamp, from which the rays may pass directly through it, 
or try directing it towards a mirror laid on the table at such an 
ai^ie as to refiect li^ht from either of these sources : if opaque, 
it IS allowed to receive direct light through an aperture m tlie 
outer tube. The extreme simplicity and portability of this instil- 
ment (which when closed is only six inches long) constitutes its 
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special recommendation. WitR due care even high powers may 
be us^ the eye-piece adjustment giving the power of veiy exact 
focussing. Hence this Pocket Microscope may be conveniently 
applied to the puiyoses of Clinical observation (the examination 
of Urinary Deposits, Blood, Sputa, &c.), either in hospital or m> 
private practice ; whilst it may also be advantageously used by the 
Field Naturalist iu examining sj^ocimens of Water for AnimalculeB, 
J^rotophytos, &c. 

77. Ih\ Beales Demon stratlnrf Mieroseope . — The same instniniont 
may be used for the purposes of Class-demonstration, by attaching 
its outer tube on a wooden suppori to a hori'/xmtal board, which 
also carries a small lamp attached to it in the required position 
(Fig. 53). The object having been fixed in its place, and the coarse 
adjustment by sliding the body iu the outer tube, those 

parts may then be immovably secured, nothiug being left movable 
except the eye-tube, by sliding which in or out the fine adjustment 
may be eii’octed. Thus the whole apparatus may be passed from 
hand to hand with the greatest facility, and without any probability 
of disarrangement; and every observer may readily ‘ focus * for him- 
self, without any risk of injuring the object.* 





Dr. Beale's DomonstratiDg Microscope. 

78. 7?olnt?-’K Travelling Microscope . — An instrument has been 
devised by Mr. Moginie, which is but little inferior in portability 
to the Pocket Microscope of Prof. Beale, and has some advantages 
over it. The body (Fig. 54) slides in a tube which is attoched to a 
rttem that carries at its lower end a small Stage and Mirror. The 
stem itself contains a fine adjustment that is worked by a milled- 
head at its summit ; and near to this is attached by pivot-joint a 
pmr of legs, which, when opened-out, form with the stem a firm 
tripod support. The coarse adjustment having been made by 
slioing the body through the tube which grasps it, the fine adjuat- 

* The price of Dr. Beale’s Clinical Microscope, as made by Mr. CoUias,. 
without Objectivoa, is £1 11*. 6d. That of the same imstnimcnt fitted «P 
Demonstrating Microscope, is £3 3«, — ^Mr. Collins also makes another 
and Demonstraiiou Microscope, or a pattern of Dr. La^vsou’s, for £8 10#., with- 
out Objectives. 
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iimt w iByftde hj the milled-liead ; aad thtia even Hfch powei^ may 
l>e Tery'eonven&ntly worked. The legs bei^ tnhnlftr, one of them 
is made to hold glass dipping-tubes, whilst the other obtains 
needles set in handles, with three short legs of steel wii«, by 
screwing which into the stem and stage, the Microscope may be 

Fio. 54. 



Baker’s Travelling Microscope, 

Tised ^though not witliout risk of overturn) in the vertical position. 
This mstnunont may be specially recommended to th»8o who, 
i^ready possessing a superior Microscoiw, desire neither to en- 
onmber tneraselves with it whilst travelling, nor to expose it to 
the risk of injury, but wish to utilize its Objectives by means of 
a idmple and portable arrangement.* 

70* Portable Biiionthr, — Carrying still further on idea 

ori|dnally,worked-out by Messrs. Powell and Lealand, Mr. Swift has 
deemed a very complete Portable Binocular, which can be folded 
into a very small compass, without any screwing or unscrewing, 
and can be thus set up, as in Fig. 55 a, or packed away, as at 
Fig, 55 B, with OTeat facility, when once the manner of doing so has 
been learned* Its construction is a marvel of ingenuity j while its 
workmanship is so excellent that its joints do not easily become 

• Ittskrantenis newly resembling the above are made by Messrs* Murray 
and Heath, Mr* Browning, and Mr. 6wift 
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loosened by wear, and can all be readily tagbtened wben required. 
It is so steady as to bear being worked (as a Monocular) mm even 

Fig. 55 a. 



Swift's Portable Panocuhir, a« SL't up f< 


liigb powers ; but its great advantage consists in its suitabOitv to the 
Traveller, who either wishes (as o&n happens to the Author) to dis- 
play to scientific friends in other countries a set of objects that can 
m mo^ advantageously seen by the Binocular under low powers, or 
to avail himself of opportunities of examining .on the spot any 
teresting specimens he may meet with. The instrument also carries 
Mr, Swift’s Combination Sub-stage (Fig. 85), which can be packed, 
together with three Objectives, Side Condenser, and several other 
Accessories, into a Case only 11 inches long, 6^ inches wide, and 
inches deep,. the whole weighing only 7i lbs, 

80. NacheiB Ohemml -The inverted Microscope 
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oiSgiiMdly coaniaracted Ij MM. Kachet on the jjlan deirised by Dr* J- 
Lawimce Smithy of Louisiana, U.S., for the pui:po8e of viewing 
objectB from their und^^ side when heat or re-agents are being 
applied to them,* has lately been improved by its constructor with 
a special view to meeting the requirements of observers engaged in 
the ‘cultivation* of the minute organisms which act as ferments. 
The general arrangement of this instniment is shown in Fig. 5t). 
On the table which forms its base, there rests a box containing a 

Fig 5511. 



Swift’s I’ortiiblo Bmocular, as pac in oaee, 

glass mirror silvered on its upper surface, which is placed^at such an 
Single as to reftect the light-rays received tlirough the inverted Objec- 
tive mounted on the top ot the box, into the body fixed into its 
oblique face. Over the objective is placed the Stage, above which 

B IS the Mirror for reflecting light downwards through tic 
b placed upon it. The focal adjustment i.s made in the first 
place by means of a sliding tube which carries the objective, and 
then by the micrometer-screw v, which raises or lowers the stage. 
The platform on which the optical apparatus rests, can be moved 
in rectan|^iar directions by tlie two milled-heads o, r ; and is fur- 
nished wit^ two gradual scales, by means of which it may be 
brought with exactness into any position previously recorded so 

♦ This idea was sugg»«ted at nearly the same time by Dr, Leeson ; and was 
caoM eat in an instnuneut ceostmeted for Mm by Messrs. Smith and Beck. 
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tkatany point of the object may be immiediately ro-fonnd—an 
arrangement of special value in cultivation-eiperiments. On tbe 

Fio. 5C. 
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stage is a circular glass cell, c, for holding the fluid to bo oxamiuod ; 
in tne bottom ot this is an aperture, which is cloB(‘d by a piece of 
thin cover-glass well comented round its edges, thus allowing the 
use ol high magnifying powers having a very short foens;. while 
its top is ground flat, so that a cover of thin plate-glass may lie 
closely fitted to it by the intervention of a little grease or glycerine , 
the whole ^ing secured in its place by three small uprights. 

is fumiBhed also with two small glass taps, n, k, with which 
india-rubber tubes are connected. By this cell, which may be made 
to serve as a moist, a warm, and a gas-chamber, exixjriments on 
the rarefaction and compression of air, and on the absoiption of 
gases, can be made with great facility. For * cultivation^ experi- 
ments, smaller cells are provided, which are attached to brass- 
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so arranged as to have always a fixed position on the 


L j^on^Stereosc(wic Bimcida,r6 . — The great comfort which is 
experienced by the Microscopist from the conjoint use of both eyes, 
has led to the invention of more than one arrangement by which 
this comfort can be secured, when those high powers are required 
wliich cannot be employed with the ordinary Stereoscopic Bino- 
calar. This is accomphshed by Messrs. Powell and Lealand by 
taking advantage of the fact already adverted to 
(§ 1), that when a pencil of rays fails obliquely 
upon the surface of a refracting medium, a part 
of it is rodected witliout entering that medium at 
all. In the place usuall}’^ occupied by the W enham 
prism, they interpose an inclined plate of glass 
%vith parallel sides, through which one portion of 
the rays proceeding upwards from the whole 
aperture of the Objoettvo passes into thej);vi/- 
cwal body with very little change in its course, 
whilst another portion is reflected from its sur- 
face into a rectangular prism so jflacedasto direct 
it obliquely upwards into the f^croiidm'y body 
(Fig. 57). Although there is a decided dineronco 
in brightness between the two images, that 
formed by the reflected rays being the fainter, 
yet there is marvel l^tusly little loss of definition 
ju either, even when the 25th -inch objective is 
Powt'll and Lea- used. The disc and prism are flxed in a short 
land’s Nou-Storco- tube, which can be readily substituted in any 
scopic Binocular Ar- ordinary Binocular Microscope for the one con- 
raugumeni. taining tlio Wenham prism. — Other arrange- 

ments were long since devised by Mr. Wenbamf, with a view to 
obtain a greater equality in the amount of light*ray s forming the two 
pictures ; and he has lately carried one of these into practical effect, 
with the advantage that the compound prism of which it consists, 
has so nearly the same shape ana size as his ordinary stereoscopic 
prism, as te be capable of being mounted in precisel> the same 
manner, so that the one may be readily exchanged for the other. 
The axial ray u, proceeding upwards from the objective, enters the 
prism A B D E r { ng. 58) at right angles to its lower face, and passes 
on tef c, where it meets the inclined face a b, at which this pnsm is 
nearly in contact with the oblique face of the right-angm prism 
ABC. By internal reflection from the former, and extern^ reflection 
from the latter, about half the beam b is reflected within the first 
prism in the direction c 5, while the other half proceeds straight 
onwairis through the second prism, in the direction c a', so as to pass 
into the body . The reflected half, meeting at d, the oblique 

♦ A MtmridogM Microteepe specially contrived by M. Nacbet for mmnte 
PetFOloeicid reaearcbeit, will l>e described at the end of Chap xxi. 
f ** TiaDMctioafl of the Microsc, Soc.” N.B., Vol. xiv. (18(1$), p. 185. 
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(silvered) surface d b, of the first prism, is again reflected in the 
-direction d If ; and passing out of that prism perpendicularly to its 
surface a f, proceeds towards the secondary body. The two prisma 

Fig. 



must not be in absolute contact along the plane a b, since, if they 
were, Newton's rings would be formed ; and much nicety is required 
in their adjustment, so tha\ the two reflections may be comoined 
without any blurring of the image in the secondary body. Being 
(by Mr. Wenham's kindness) the possessor of a prism thus adjusted 
by liimself, the Author can hear testimony to the excellence of its 
performance ; and he feels sure that for the prolonged observation, 
under high powers, of objects not re(iuiring the wiram-e of perfection 
in definition — such, for example, as the study of the Cyclosis in 
Plants,— great advantage is gained from the conjoint use of hoik 
eyes by one of the above arrangements. 



CJIAPTEK III. 

ACCKSSOHY APPAIIATUS. 

In describing the various pieces of Accessory Apparatus with 
which the Microscope may be furnished, it will be convenient in 
the first place to treat of those which form (when in use) part of 
the instrument itself, being appendages either to its Body or to its 
Stage, or serving for the Illumination of the objects which are 
under examination ; and secondly, to notice such as have for their 
function to facilitate that examination, by enabling the Micro- 
scopist to bring the objects conveniently under liis inspection. 


Section 1. Aj^iponilar/ca io the Microscope. 

H'2. AmplifiCi '. — It is obvious that if, by the use of a concave 
lens interposed between the Objective and the Eye-piece, the 
divergence of the rays, in the course from the former to the latter, 
be increased, the magnifying power of the instniment will be 
augmpted in proportion ; and such an addition (which was long 
since introduced into Telescopes, and also into the Solar Micro- 
sco)^) has been brought into general use in the United States, 
having been first made effective by Mr. Tolies. As constructed by 
him, the Amplifier is an achromatic concavo-convex lens of small 
diameter, screwed into the lower end of the draw-tube, so as to be 
at no great distance behind the objective, the power of which it 
doubles, without (it is affinned) producing sensible deterioration of 
the image. Dr. Devron, of New Orleans, states that two photo- 
gmphs having been taken of Ainpluplrntra pcllneida, the one by a 
Tolies' l-12th with amplifier, the other with a Tolies’ 1.25th without 
amplifier, they proved to be scarcely distinguishable ; and that the 
10th band of Nobort’s raled plate could be resolved with its aid, 
by obiectives tinder which without it no resolution could be oh- 
tained.* It is obvious that if the magnifying power of our Micro- 
scopes can be thus doubled, witliout the strain of eyes, and the loss of 
%ht and of definition, produced by deep Eye-piecing, and without 
the necessity of employing Objectives of inconveniently short focus 
and great emt, a great advantage will have been gained; while 
those who wish to ^ssess a graduated range of powers, ne^ only 
snpply themselves with half the number of Objectives needed to 
♦ ** American Monthly Jonmal of Microscopy,” Vol. ifi. (1878), p. 38. 
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it, since each can be made to do double work (a 1 inch, for 
example, serving also as a half-inch) without change either of 
the eye-piece or of the focal adjustment.— Dr, Wythe, of San 
Francisco, states that he has obtained very good results by placing 
a double-concave or a concavo-convex lens of about 6 inches focus, 
^and of as large a diameter as the tube will allow, about 3 inches 
^below the eye-piece ; counteracting its aberrations by substituting 
a convexo-concave lens for the plano-convex which forms the held- 
glass of the ordinary Hnyghenian eye-jnece.* 

83. J)raiD-Tiib(\ — it is advantageous for many purposes that the 
Eye-piece should be fitted, not at once into the ‘body’ of the 
Microscope, but into an intermediate tube; the drawing-out of 
which, by augmenting the distance between the objective and the 
image which it forms in the focus of the eye-glass, still further 
augments the size of the image in relation to that of the object 
(§ 25). For although, as a general rule, the magnifying power 
■cannot l>e thus increased with advantage to any considerable extent, 
yet, if the corrections of low objectives have been well adjusted, 
their performance is not seriously impaired by a moderate len^hon- 
ing ot the body ; and recourse may be conveniently hod to tiiis on 
many occasions in which some amplification is desired, in termedi ah? 
between the powers furnished by any two Objectives. Thus, if one 
objective give a power of 80 diamete-rs, and another a power of 120, 
’by using the first and dra’vjring out the Eye-piece, its power may be 
increased to 100. Again, liis often very useful;to make the object 
till up the whole, or nearly the whole, of the fiehl of view ; so as to 
prevent the vividness and distinctncBS of its imago from being 
interfered with by extraneous light. In the use of the Micro- 
metric eye-pieces to be presently desenbed (§§ 90, 91), very great 
advantage is to be derived from thf3 assistance of the Draw-lube ; 
as enabling us to make a precise adjustment between the divisions 
of the 8tage-micrometer and those of the Eye-piece micrometer ; 
and as axlmittingthe establishment of a more convenient numerical 
relation between the two, than could be otherwise secured without 
far more^laborate contrivances. Moreover, if, for the sake of 
saving room in packing, it he desired to reduce the length of the 
body, the draw-tube (in a Monocular Microscope) affords a ready 
means of doing so. — Objectives of high power, however, require 
special adjustment when any considerable length of Draw-tulie is 
used. 

84. Erector . — This instrument, first applied to the Com- 
pound Microscope by Mr, Lister, consists of a tube about three 
inches long, having a meniscus at one end and a plano-convex lens 
at the other (the convex sides being upwards in each case), with a 
diaphragm nearly half way between them ; and this is screwed in^ 
the lower end of the draw-tube, as shown in Fig. 59. Its effect is 
(like the corresponding erector of the Telescope), to antagonise the 
Aversion of the image formed by the object-glass, by producing a 

♦ Op. cfL Yoh V. (1880), p. 81. 
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ftdcoad invemon, do as to make tlw Ixac^e proseated to the eye- 
OoiTOspcmd in positkm with the Object — an arrangement of great 
service in oases in which the object has to be subjected to any 
kind of mamptilation. The passage of the rays through two 
additional lenses of course occasions a certain loss 



of light and impairment of the distinctness of the 
image ; but this need not be an obstacle to its 
use for the class of purposes for wMch it is 
especially adapted in other respects, since these 
seldom require a veiy high degree of defining 
power. By the position given to the Erector, it 
18 made eubsendent to another purpose of great 
utility; namely, the procuring a very extensive 
ranoe of Magnifying power, without any change 
in the Objective. Eor when the draw-tube, with 
the erector fitted to it, is completely pushed-in> 
the actun/ length of the body (so to speak) is so 
greatly reduced by the formation oi the first 
image much nearer the objective, that, if a lens of 
2-3rd8 of an inch focus be employed, an object of 
the diameter of inch can bo taken in, and 



Brnw-tubo fitted 
with Erector. 


enlarged to no more than 4 diameters ; whilst, on 
the other hand, when the tube is drawn-out 4^ 
inches, the object is enlarged 100 diameters. Of 
course every mtormediate range can be obtained 
by drawing-out the tube more or less ; and the 
facility with which this can ]>o accomplished, 
especially when the Draw-tube is funiished with 
a rack-and-pinion movement (as in Messrs. Beck's 
(Compound Dissecting Microscope), renders such 
an instrument very useful in various kinds of 
research. 


85* — This dosiguation has been applied by Dr. J, 

Matthews,* to an arrangement of the ordinary Microscope, whereby 
such a low amplification may bo obtained, as gives a gen^^'a! view of 
large objects, without the need of any special apparatus. The 
method consists iu employing the ordinary microscope to magnify 
^uot the object itself— but an imago of it formed by a lens placed 
l.)Ctween the object and the front of the objective. In thejpnn- 
ewh of this method there is nothing new, for every Microscopist 
who has focussed an Achromatic Condenser, upon a transparent 
object, has seen the image formed by it of his window-frame, blind- 
tMsel, or (it may be) of ^arply defined clouds.f And Dr. Eoyston- 
Bigott has been accustomed to employ such images of hairs, fine 
wires, &o., as * testa ’ for the defining quality of Omectives of high 
magnifying power. The novelty cousists in the mode of applying it 


♦ oi Qaekett Mici^coeical July, 1K79. 

t The Author thus oxhlhited to his f^uds a Hicrosoouto visw of tbe 
Moon. 
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to tke purpose just named. This answers best when an Objective of 
2*iiiches or if inch focus is used in the microscope, and a 1-inch 
Objective is placed in the Sub-stage with its front-lens upward. 
The object to^ imaged by the latter is to be placed either at some 
distance behind it, the mirror being turned aside, or, if the Mirror 
be employed, at some distance from it on either side ; the distance, 
in either case, being adapted to give to the Microscopic image the 
amplification required. The former arrangement is most convenient 
if the Microscope is being used in a horizontal position; the latter is 
most suitable when the Microscope is inclined, the distance of an 
object placed in the optic axis being then limited. If exact definition 
is required, tlio Mirror should be replaced by a right-angled Prism 
(§ 2). The ol>ject, wln^ther transparent or opaque, must bo suit- 
ably illuminated ; and it will be found convenient to use a special 
support so made that its position and height may be conveniently 
varied. 

86 . Nachefs Brocihi/j Prhvt. — An extremely ingenious arrange- 
ment has been made by MM. Naidiet, on the basis of an idea first 
carried into practice by Prof. Amici, by wliich the inverted image 
given by the Compound Microscope is erected by a single rectan- 
gular prism placed over the eye-piece. The mode in which this 
prism is fitted up is shown in rhg. 60 (2) ; the rationale of its 
action is explained by the diagram (1). The prism is interposed 

Fia. CO. 



Nochet's Erecting Prism. 

between the two lenses of the Eye-piece, and has somewhat the form 
of a double wedge, with two pentagonal sides, a u c n K, and a b h g r, 
which meet each other along the common edge a b, and two facets, 
o B F G, and c 3) 0 n, which meet along the common edge » o, the 
edges A B and n a being perpendicular to each other. The rays 
emerging from the field-glass enter this prism by its lower surface, 
and are reflected at i, upon the face a b ii g r, from which they are 
again reflected upon the lower surface at the point ic, and thence to 
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tlutpomtL upon the Terlaoal face c n o B, and laaily at the pdnt H, 
th 0 otfeer vertical face d e v g ; from wMch tihe imcige BomaaHy 
aJbid completely erected, is again sent back, to issue by the superior 
surface upon which the eye-glass is placed. All the reflexions arc 
totals except the first ati; and the loss of light is far less than 
Would be anticipated.— “The obliquity which this Prism givp to ^e 
visu&d rays, when the Microscope is placed vertically for dissecting 
or for the examination of objects in fluid, is pch ^ to bring them 
to the eye at an angle very nearly corresponding with that at which 
the Microscope may be most conveniently used in the inclined 
position {§ 41, in.) ; so that, instead of being an objection, it is a 
real advantage. 

87. Sorhy-Browiihig Mlrro-S 2 if''Cfro 8 roi)e * — When the Solar ray is 
decomposed into a coloured spectrum by a prism of sufiicient 
dispersive power, to which the light is admitted by a narrow slit, a 
multitude of dark lines make their appearance. The existence of 
these was originally noticed by Wollaston; but as Fraunhofer 
first subjected them to a thorough investigation, andmapj^d them 
out, they are known as Frannhnfer-lines. The greater the dispeTsion 
given by the multiplication of prisms in the Spectroscope, the more 
of these lines are seen; and they bear considerable jaagnilica- 
tion. They result from the interruption or absorption oi certain 
rays in the Solar atmosphere, according to the law. first stated by 
Angstrom, that “ rays wnich a substancetabsorbs are precisely those 
which it emits when made self-luminous.” Kirchbofi* showed that 
while the incandescent vapours of Sodium, Potassium, Lithium, &c., 
give a spectrum with characteristic hrifjlit lines, the same vapours 
intercept portions of white light, so as to give dark lines in place of 
the bright ones, absorbing their own special colour, but ailowin^ 
rays of other colours to pass through. — Again, when ordinary light 
is made to pass through coloured bodies (solid, liquid, or gaseous), 
or is r^eot^ from their surfaces, so as to affect the eye with the 
s6Uttati<m of colour, its st^ctrum is commonly found to eidubit 
abilbrprion intauk, which difi'er from the Fraunhofer lines, not only 
in ^eir grei^ breadth, but in being more or less mlHihus or 
SO they cannot be resolved into distinct lines by mag- 
niiloilabn, while too much dis^iersion thins them out to indistinct- 
nets, Kow, it is by the character of these bands, and by their 
position in the spectrum, that the colours of different substances 
can be most accurately and scientifically compared; many colours 
whose impressions on Qie eye are so similar that they cannot be die- 
tinguiahM, being readily discriminated by their spectra. The pur- 
pose of the Micro- Bpectroscojie is to apply the spectroscopic test to 
very minute quantities of coloured substances ; and it fundam^tally 
consists <^an ordinary Eye-piece (which can be fitted into any Mkio- 
scope) with certain special modifications. As originaDy devised by 

* Wor gs&era3 liifQrnaatio& on the Spectroscope and its uses, the stodeat is 
refWred to iMeesor Koscoe’s “Ijectnres on Spectnmi Analysis,” or the trans- 
latiOii of Br. Sohellen's **Spectnun Analysis.” 
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Mr. Sorby, and worked-cmt by Mr. Browning, the Micro- Spectro- 

ijcopeis constmcted as follows 

(Fig. 61): — Aboveits Eye-glass, Cl. 

which is achromatic, and made 

capable of focal adjustment by 

the miiled-head B for rays of Jy 

different refrangibilities, there 

is placed a tube a, containing a 

series of hve prisms, two of 

Hint-glass (Fig. 62, f f) inter- 

posed between three of crown 

tc c c), in such a manner that 

persive action of the l^^nt-glass 

prisms, are parallel to the rays 

^7hich enter the combination. ..• a 

Below the eye-glaSB, in the . Micro-Spootrosoopo. 

place of the ordinary stop, is a diaphragm with a narrow slit, which 
limits jthe admission of light ; this can be adju8te<l in vortical posi- 
tic'n by the millod-head n, whilst the breadth of the slit is regulated 
by c. The foregoing, with an Ob- 
jective of suitable power, would be 
all tliat is needed for thaexamina- , 
tion of the spectra of objects placed 
on the stage of the Microscope, 
whether op^ue or transparent, 
solid or liquid, provided that they Arraug<ini«iiit of prisms in Spcctro- 
iransmit a sumcient amount of soopo Eye-pieco. 

light. But as it is of great impor- 

t^ce to make exact comparisons of such artificial spectra, alike 
with the ordinary or natural Spectrum, and with each other, pro- 
vision is made for the formation of a second spectrum, by the 
insertion of a right-angled prism that covers one-half of this slit, 
and refioits upwards the light transmitted through an aperture 
seen on the right side of the eye-piece. For the production of the 
ordinary spectrum, it is only requisite to reflect light into this 
aperture from the small mirror i, carried at the side ; whilst 
for the production of the spectrum of any substance through 
which the light reflected from this mirror can be transmitted, it is 
only necessary to place the slide carrying the section or crystalline 
film, or the tube containing the solution, in the frame n n aflapted 
to receive it. In either case, this second spectrum is seen by the 
©ye of the observer alongside of that produced by the object 
through the body of the Mcroscope, so that the two can be exactly 
centred. 

8o. The exact position of the Absorption-bands is as important 
as that of the Fraunhofer-lines ; and some of the mostoonspicaons 
of the latter afford fixed points of reference, provided the same 


An*aug<iui«iiit of prisms in Spcctro- 
soopo Eye-pieco. 
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1>6 employed* Th^ amotmt ©f diipemon dfiteruainfie* 
uMlier tba Sratmliof eif^ines mdi AbBOJrjrtaoJ^'Wi^ are seen nearer 

or^'fartiier apart; tnw 
Flo. 68. aotnal positions in the field 

of view vatyrng according to 
the dispersion, while their 
relative poflitions are in 
constant proportion, — ^The 
best contrivance for 
Buring the spectra of ab- 
sorption bands is Brown- 
ing’s Bright-line Micro- 
meter, shown in Fig. (53. At 
R is a small mirror by which 
light from the lamp em- 
ployed can bo retlcrted 
through K D to the lens c, 
wliich, moans of a per- 
forated stop, forms a bright 
l)ointed image on the sur- 
lace of the uppfjr prism, 
whence it is retlccted to the- 
eye of the observer. The 
rotation of a wheel worked 
by the millcd-head m, carries 
this bright point over the 
spectnim, and the exact 
amount of motion may be- 
read off to l-]0,(X)0th inch 
on the graduated circle of 
the whem. To use this ap- 
paratus, the Fraunhofer 
Bvigbt-liue Spcctro-Micrometor. lines must be viewed by 

sending bright daylight 
through the spectroscope, and the positions of the priuglpal lines 
careftuly measured, the reaK.ling on the micrometer- wheel being 
noted down. A Spt'ct rum-map may then be drawn on cardboard, 
on a scale of equal parts ; and the lines marked on it, as shown in 
the upper half of ]<^g. t)4. The lower half of the same figure shows 
an Absorption-spectram. with its bands at certain dis^nces from 
the Fraunhofer lines. The cardboard Spectrum-map, when once 
drawn, should be kept for reference.* 

• Mr. Swift has deviaed an improved Micro- Spectroscope, in wliich the 
Mtorometrio appamtas is oombinc^ with the ordinary Spectroscopic Eye-piece, 
and two spectia can be hronght into the field at once. — Other ^provements 
devised by Mr. Sorl^, and a new form devised by Mr. P. H. Ward, have been 
oarried into execution ^ Mr, Hflger. fSee “ Jonni. of Roy. Microac. Soc.,'*’ 
Vo), i, 1878, p* 886, and vol. ii., 1879, p. 81.) Another construction possessing 
aono adrantagas over the original form, has been devised by Zeiss of Jena» 
(8«© ^ Joann of Roy. Hicarosc. Soc./ VoL iii., 1880, p. 703). 
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A bemiin«!r witi the lSicro*Speotro«oepo eheuld fif»t hold it 
op to Ifee SKy oo Hf clear day, without the iateriheaitioo of the xotoro^ 
eoope, attd oote the efiBects ox opening and closing the sUt by rotating 
tdbe Borew o (Fig. 61) ; Ihe lines can only bo weu seen when the sHt 
is redttced to a narrow opening. The screw h diminishes the lengtli 

Fio. (54, 



Upper half, Map of Solar Spocirnm, showing Fraiinhofor lines. I^owor half, 
Ab»orx>tion Spectrum, showing position of Bauds in relation to lines. 


of the slit, and causes the spectrum to bo seen as a broad or a 
narrow ribbon. The screw e (or in some patterns two small sliding- 
knobs) regulates the quantity of light admitted through the square 
aperture seen between tho*points of the springs u u. — W ater tinged 
with port wine, madder, and blood, are good fluids with which to 
commence this study of absorption-bands. They may be placed in 
small test tubes, in Hat glass cells, or in wedge-shaped cells.* As 
each colour varies in refrangibility, the focus must be adjusted by 
the screw n. Fig. 01, according to the part of the spectrum that is 
examined. — When it is desired to sco the spectrum of an exceedingly 
minute object, or of a small portion only of a larger one, the prisms 
arc to bo removed by withdrawing the tube containing them ; the 
slides should then be opened wide, and the object, or part of it, 
brought into the centre of the field ; the vertical and noriz()ntal 
slits can fhen be partly shut, so as to enclose it ; and if the prisms 
are then replaced, and a suitable objective employed, the required 
anoctrum will be seen unaffected by adjacent objects. For ordinaiy 
observations. Objectives of from ‘J inches to 2-3rds inch focus will 
be found most suitable ; but for very minute quantities of material 
a higher power must be employed. Even a single Bed Blood- 
corpuscle may be made to show the characteristic Absorption-bands 
represented (after Prof. Stokes) in Fig. 65.t 

• A aeries of apecimens, in small tubes, for the study of ^ ^ . 

is kept on aale oy Mr. Browniug; and the directions given in ^ Mow to 
Work with the Micro-Spectroscope” should be canifully attended to. ^ 

f For further information on “ The Spectrum Method of Detecting Bloo^ 
see a-ii important paper by Mr. Sorby, in ‘ * Monthly Microac. Joum, Voi. n. 
(1871), p.0. 



m 


mmmm AmEAm. 


iKHoae have a|)|>Eed their 
to the St^ of the Mieroeoo|>e, yet it is to 
the Bye-piooe that it 
may be most advaai 
oasly adapted,* 

Cohweh MicTG'tneier^ in- 
vented by Ramsden for 
Telescopes, is probably, 
when well constracted, 
the most perfect instm- 
ment that the Micro- 
scopist can employ. ^ It 
is made by stretching 
across the field of an 
Eye-piece two very deli- 
cate parallel wires or 
spider’s threads, one of 
which can be separated 
from the other by the 
action of a micrometer 
screw, the head of which 
is divided at its edge into 
a convenient nnmber of 
parts, which sn ccessively 
1, Spoctixjfk’opic nnpoaniuei' of fresh Scsarlct pass-by an index as the 
Blood; 2, of lll()od(cruorme); 3, of niilled-head is turned. 

HflBnmtia, obtained by aotinf? on (‘nionne with au A portion of the field of 
acid; 4, of Himutiii rooxydjzed. view on one side is cut 

off at right ang’ 's to the filaments, by a scale formed of a thin 
plate of brass having notches at its edge, whoso distance cor- 
responds to that of the threads of the screw, every fifth notch 
being made deeper than the rest for the sake of ready enumera- 
tion. The object being brought into such a position that one 
of its edges seems to touch the stationary filament, the other 
thread is moved by the micrometer-screw until it appm^^a to lie 
in contact with the other edge of the object; the number of 
entire divisions on the scale shows how many complete turns of the 
screw must have been made in thus separating the filaments, while 



• The Stage-Micrometer constructed by Fi’aunhofer is employed hy many 
Omtineiital Mici'oeoopists ; but it is subject to tliis disadvantage — that any 
error in its performance is augmented by the leho/e magpuifying power em- 
ployed t whilst a like on'or in the Eyc-pioce Micrometer is increased by the 
]]^iy|Qifying power of the eye-piece alone. — Dr. Boyston-Pigott has pointed out 
(♦‘Monthly iiOcroBc. Jonm.,” Vol. ix., 1873, p. 2), that by placing the Cobweb 
Mkltnneter at some distance beneath the staee, and by forming an aerial ima^ 
«| it (by an inteiposed lens) in the plane of the obioct, the delicacy and accuracy 
of Its measurements may be greatly increased ; the numerical value of each 
dIvisioB being reduced, in proportion to the rednetion in the sise of the aerial 
image, which will of course be determined by the focal length of the lens that 
tomm it, and by the distance of the Hicnnneter beneath it. 
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the ntwaher to which the index points on the miJled-hcad shows 
whftt fr^tbn of a turn may have been made in addition It i» 
nenalt ^ employing a screw of XOO threads to the inch, to give to 
each division of the scale the value of 1-lOOth of an inch* and to 
divide the milled-head into 100 parts ; but the {Absolute value of the 
divisions is of little consequence, since thoir tydcrcmefnc value 
depends upon the Objective with which the instrument may be 
employed. This must be determined by means of a ruled slip of 
glass laid upon the stage ; and as the distance of the divisions 
even in the best-ruled slip^ is by no means uniform, it is atlvisablo 
to take an average of several measurements, both upon different 
slips, and upon different parts of the same slip. Here the Draw- 
tube will be of essential use, in enabling the Microscopist to bring 
the value of the divisions of his Micrometer to eoi u number a. — The 
Microscopist who applies himself to researches requiring micro- 
metric measurement, should determine the value of his Micrometer 
with each of the Obiectives he is likely to use for the purpose ; 
and should keep a taido of these determinations, recording in each 
case the extent to which the tube has been drawn out, as marked 
by the graduated scale of inches which it should possess. And he 
should also make an accurate estimate of the thickness of the 
Cobweb-threads themsoives ; since, if this be not properly allowed 
for, a serious error will bo introdnee<l into the measurements made 
by this instrument, especjally when the spaces measured are ex- 
tremely minute. (See Michell, in “ Transact. Microsc. Hoc.” N.H., 
Vol. XIV., p. 71.) 

91. The costliness of the Cobweb Micrometer being an important 
obstacle to its general use, a simpler method (d(*vised by Mr. G. 
Jackson) is more commonly adopted ; which consists in tlie inser- 
tion of a transparent scale into an ordinary lluyghonian Eye-piece 
in the focus of the eye-glass, so that the image of the object is 
seen to be projected upon it. Tliis scale is ruled like that of au 
ordinary measure (ne., with every tenth lino hmej, and every fifth 
line hall its length) on a slip of glass, which is so fitted into a 
brass fraqje (Fig. 66, n), as to have a slight motion towards either 
end ; one of its extremities is pressed-upon by a fine milled-head 
screw which works through the frame, and the other by a spring 
(concealed in the figure) which antagonizes the screw. The scale 
thus mounted is introduced through a pair of slits in the Eye-piece 
tube, immediately above the diaphragm (Fig. 66, a), so as to occupy 
the centre of the field ; and it is brought accurately into focus by 
unscrewing the eye-glass until the lines of the scale are clearly 
seen. The value of the divisions of this scale must be determined 
by means of a ruled Stage-micrometer, as in the former instance, for 
each Objective employed in micrometiy, the use of the J)raw- 
tube enabling the proportions to be adjusted to even and con- 
venient numbers) ; and this having been accomplished, the sc^lc 
is brought to bear upon the object to be measured, by moving 
the latter as nearly as possible into the centre of the fields and 
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then Totating the PJye-piece in such a manner that the scale may 
He am>ss that diameter which it is desired to measure. The 
pushing-screw at the extremity of the scale being then turned 
until one edge of the object appears to be in exact contact with 
<me of the long linos, the number of divisions which its diameter 
occupies is at once read-olf by directing the attention to the other 
edge— the operation being nothing more than laying a rule across 
the body to oe mpasured.’*^ This method of measurement may be 
Fio. G(l 




Jackisou’d Eyp-pioco Micrometer. 

made quite exact enough for all ordinary purposes, provided, in 
the first place, that the Eye-piece scale be divided with a fail- 
degree of accuracy ; and secondly, that the value of its divisions be 
ascertained (as in the case of tho Cobweb Micrometer) by ecfveral 
comparisons with a ruled scale laid upon the Stage. Thus if, by a 
'nmm of numerous observations, we establish the valuj? of each 
division of tho eye-piece scale to be 1-12, 500th of an inch, then, if 
the image of an object be found to measure 3^- of those divisions, 
its real diameter will be x TaiuTj toVt iiich.f With an 

* Dr. Boystou-rigott (kte, cK.) prefers to introduce into the aperture of the 
diaphragm a plano-convex lens of very long focus, with tho lines engraved 
Upon its flat surface. The advantage of the screw-movement is sacrificed, but 
a greater distinctiuifis of the lines is obtained. 

t The calculation of the dimensions is much simplifiod by the adoption of a 
Decimal sc^e ? tho value of each division being made, by the use of the Draw- 
tube adjustment, to con-espond to some aliquot part of a tcn-thousaudtii or a 
' h of an inch, and tho dimeusions of the object being then 
found by eimplo multiplication Thus fto take the alx)ve exampl^ the vain© 
of «M5h division in the decimal scale is * 00 < 108 , and tho diameter of the ©yect 
i« The Metric {tystem being now imiversally employed on the < 

’ British and American Microscopisls prefer to record thdr obser- 
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Objective of l-12th-iiicb focus, the value of tbe diviaious of the 
Eye-pieco scale may be reduced to 1-25, 000th of an inch ; and as tiie 
eye can estimate a fourth part of one of the divisions vnth 
tolerable accuracy, it follows that a magnitude of as little as 
1 -100,000th of an inch can be measured with a hear aj^proachto 
exactness. — Even this exactness may be increased by the application 
•of the diagonal scale (Fig. 67) devised by M. llartnack. The 
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Hartuack’s Eye-piccc Micromt'tcT. 

vertical lines arc crossed by two parallel lines, at a distance 
from each other of five divisions of the vertical scale ; and the 
parallelogram thus formed is crossed by a diagonal. It is obvious 
from tills construction, that the lengths of the lower segments of 
the 50 vertical linos, cut off by the diagonal, will progressively 
increase from *1 to 5 0 ; so that when it is desired to obtain an 
exact measurement of an»objcc,t ladween these limits, it is only 
requisite to find the segment whose huigtli precisely coincides with 
the diameter to be taken, whicli it will then give in tenths of the 
value of the vertical divisions, whatever tlu^so may be. Thus, at a, 
the length of the segment will be 1*8: at h it will be B’4. — What- 
ever method be adopted, if the measurement be made in the Eye- 
piece and not on the stage, it will be nocesHary to make allowance 
for the adjustment of the Object-glass to the tmekness of the glass 
that covers the object, since its magnifying power is considerably 
affected by the separation of the front pair of lenses from those 
behind it (§ 17). It will bo found convenient to compensate for this 
alteration^by altering the Draw- tube in such a manner as to 
neutralize the effect produced by the adjustment of the Objective j 
thus giving one uniform value to the divisions of the Fiye-piece 
scale, whatever may be the thickness of the covering-glass ; the 
amount of the alteration required for each degree must of course 
be determined by a series of measurements with the 8tage-micro- 
meter. — Micrometric measurements may also be made with the 
Camera Lucida, in the manner to be presently described, or with 
Dr. Beale’s neutral tint reflector (§ 94). 

92. Goniometer . — ^When the Microscope is employed in researches 
on minute Crystals, their angles may be measuretf by adapting a 

vations in parts of a Millimetre ; and with a view to their ronvonience . 

Be<dc supply Stage-Micrometers ruled on one side of a median line to lOOths 
;«nd lOOOms of an Inch, and on the other side to lOOths of a MilUmctm. 
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Ooniometer to tHe Eye-piece ; but a« all Pir8t-Cla,8» Microscopes are 
aow provided with rotating Stages graduated at their edges, with 
the «iddition of a Yemier-scale if desired, the measurement may be 
more conveniently made by giving rotation ta the object. An 
Bye-piece is required whose field ia traversed diametrically by 
a imm line (either a filament stretched across it, or a line ruled on 
gUMis), and is turned so as to bring this lino into coincidence with 
one of the lines forming the angle to bo measured, when the Stage 
is at Kero ; the stage is then rotated until the fixed line coincides 
with the other line of the angle, and the amount of movement is 
read off on the scale. — If a higher degree of precision be required 
than either of these methods is fitted to afibrd, the DonhW 
H^efracthig Oonioviekr^ in\ented by Dr. Leesou, may be substi- 
tuted.* 

93. J}iap1ira{^m Eyc-pleco. It is often useful to cut off the light 
surrounding the object or part of the object to be examined ; for 
the sake alike of avoiding glare that is injurious to the eye, and of 
rendering the featuv('H of tlu^ object more distiiutt. 'Plus may be 
accomplished on the ])lan of aMi*. Slack, by the introduction, just 
above the ordinary ' stop,* of four small shutters, worked by as 
many railled-]iea<ls proji‘ctiiig slightly b(*youd tbe fiange of the eye- 
piece. By combining the mo^Hunents of these shutters in various 
ways, it is easy to form a. series of symmetrical apt*rtures, boundwi 
by straight lines, and of any dimensions required. As remarked by 
its inventor, this Diaphragm Eye-piece may also be used to isolate 
one out of many objects that may be on the same sbde, and thus to 
show that object alone to persons who might not otherwise distin- 
guish it.— For this last purpose the huVrafnr of Mr. Quekett may 
also be nsid ; Trhich is a small steel hand placed Just over the dia- 
phragm. BO as to ])oint to nearly the centre of the field, whilst it 
maybe turned back when not required, leaving the field of view 
quite free. I’he particular object or |)ortion of the object to which 
it ia desired to direct attention, being brought to the extremity of 
th© hand, is thus at once * indicated’ to any other observer. 

94. Camera Lurida and oilier Ihairiny Ap^^taraintt . — Various 
contrivances may Iw adapted to the Eye-piece, m orde^f to enable 
the observer to see the imagt' projected upon a surface whereon 
he may traoe its outlines, The one most generally employed is 
the Oatfhera IniciJa prism contrived by Dr. Wollaston for the 
general purposes of delineation ; tliis being fitted on the front of 
the ^e-pieco, in place of the ‘ cup’ by which it is usually sur- 
1ii<iniE&e£ The Microsc/Ope being placed in a horizontal position, 
ad ehown in Fig. 68, the rays which pass through the eye-piece 
iaio the prism sustain such a total refiexion from its oblique 

that they come to its upper horizontal surface at right 
aitglea to their previous direction ; and the eye being so pla^d 

• For ft descriptioQ of this mstroment, see Dr. Leosan’s description of it in- 

Pftliszxiii. of the “Proceedings of the ChemicAl Society,” and Mr. Biriuwd 
Bec^*8 ** Troftiiso on the Microscope,” p. <>6, 
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aver the e<ige of this ‘surface as to reodve these rays from the 
prism through part of the pupil, whilst it looks with ihe other 
half beyond prism down to a white paper surface on the table* 
it sees the image so strongly and clearly projected upon that 
surface, that the only difficulty in tracing it arises from a certain 
incapacity which seems to exist in some individuals for ane^ the 
image am the tracing-point at the same time. This dimm^ 
(which is common to all instruments devised for this pui^xise) is 
lessened by the interposition of a slightly convex leas in the position 
shown in the figure, between the eye and the paper, in oroer that 
the rays from the paper and tracing-point may diverge at the same 
angle as those which are received from the prism ; and it may be 
generally got over altogether, by experimentally modifying the 
relative degrees of light received from the object and from the 
l>aper. If the image be too bright, the paper, the traemg-point, 
a nd the outline it has made, are scarcely seen *, and either less light 
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may be allowed to come from the object, or more light (as by a 
taper Md near) may be thrown on the paper and tracing-point. 
Sometimes, on the other hand, measures of the contrary kind must 
be taken. — Another instrument for the same purpose, invented 
the celebrated anatomist Soemmering, and preferred by dome 
Microscopis^, is a flat n^ecuhim of polish^ steel or specolnxa^metal, 
of smaller diameter than the ordin^ pupil of the eye* fixed ajfe m 
angle of 45^^ in front of the eye-piece, rays from the eye-iaee^ 
are reflected vertically upwards to the central part of the pupil 
placed above the mirror, whilst* as the eye also receives rays from tne 
paper and tracer in the same direction, through the peripheral portion 
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and adapted to tJia horisson- 
tal microBcope W Chevalier, 
the eye looks through the 
Microscope at the object (as 
in the ordinary view of it), 
instead of looking at its proi- 
jeption upon the paper, the 
image of the traeing-point 
lieing proj'ected upon the 
field — an arrangement which 
is in many respects more ad- 
vantageous. This is effected 
by combining a perforated 
steel mirror with a reflecting 
prism ; and its action will be 
understood by the accom- 
jianyiug diagram (Fig, 69.) 
'i'he ray a b })rocceding fit)m 
the object, after emerging 
from the eye-piece of the Mi- 

Chevalier's Camoia Lucida. croBCOlie, passes tlirouRh the 

central perturation m the 
oblique mirror m, which is placed in front of it, and ho directly 
onwards to the eye. On the other hand, the ray a', proceeding up- 

wards from the tracing-point, 
enters the prism r, is refiectetl 
from its inclined surface to the 
inclined surface of tlie mirror m, 
and is by it reflect'd to the eye 
at in such parallelism to tne 
ray h proceeding from the object, 
that the two blend into ontr 
image. — The same efiect is pro- 
duced by a contriv^ce which 
has been devised by MM, Nachet 
for use with vertical Micro- 
scopes, and is much employed 
ou the Continent. It consists of 
a prism of a nearly rhomboidal 
form (Fig. 70), wMch is placed 
with one of its inclined sides a c, 
over the eye-piece of the Micro- 
scope ; to this side is cemented an 

-■Lir .A . 


bncida p^eedin ^ 

from th® oljfect, a surface at right angles to it ; so that this ray 
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t)iu88e8 into the small cylinder b, and out from the side a % of the 
larger prism, without sustaining any refraction, and with very little 
loi^ by reflexion from the inclined surfaces at which they join. But 
the ray a' h\ which comes from the tracing point on a paper at the end 
of the base of the Microscope, entemig the rhomboidal prism, is 
reflected from its inclined side b U, to its inclined side A c, and thence 
it is again reflected to h, in coincidence with the ray which has 
nlirectiy proceeded from the object. As the ray a' h' is necessarily 
oblique, the picture visually projected on the paper will be distortea, 
unless the right side of the drawmg-board bo raised, so that its plane 
«hall be at right angles to a! 6'. — Of the numerous contrivances for 
drawing from the Microscope, the simplest and by no means the 
least effective, is the Nndval Tint Rejhetorf recommended by Dr. 
Beale, which consists of a piece of neutral-tint glass, sot in a cap 
tfitted on the Ky(?-pieoe, with which it makes an angle of 45®. The 
Microscope being arranged as in Fig, 68, the eye, looking down- 
wards, receives at the same time the image-forming rays from the 
•xiye-picce, which come to it by reflection from tlm eiirfcvc^, of the gloss, 
5ind those j’rom the paper, tracing-point, or rule, which pass to it 
through the glass. A simple and inexpensive substitute for this, 
which its inventor (Mr. T. B. Jennings, U.S.) has found very 
efficient, may be made by taking a flat cork abont H inch in dia- 
meter, cutting a hole in it sufficiently large to enable it to fit 
tightly on the Eye-piece (without its cap), and then making a 
transverse slit beneath the hole, into which is to be inserted a thin - 
glass cover at an angle of 45®. 

95. With one or other of the foregoing contrivances, eveiy one 
may learn to draw an outline of the Microscopic image ; and it is 
-extremely desirable for the sake of acciira/^y, that every representa- 
tion of an object should l>o based on such a delineation. Horae 
persons will nse onf5 instrument most readily, some another ; the 
fact being that there is a sort of * knack* in the use of each, which 
is commonly acquired by practice alone, so tliat a person accustomed 
io the use of any one of them does not at first work well with 
another. Although some jicrsons at once acouire the power of seeing 
the image ^nd the tracing-point with equal distinctness, the case is 
more frequently otherwise ; and hence no one should allow himself 
to be baffled by the failure of his first attempt. It will sometimes 
happen, especially when the Wollaston prism is employed, that the 
want of power to stje the pencil is due to the faulty posirion of the 
<)ye, too large a part of it being over the prism itself. When once 
a good position has been obtained, the eye should be held there as 
stSawlily as possible, until the tracing shall have been oomplcW. 
H is essential to keep in view that the proportion between the she 
of the tracing and that of the object is afiected by the distance of 
the eye from the paper ; and hence that if the Microscope be placed 
upon a support of different height, or the Eye-piece be elevated or 
depressed py a slight inclination given to the body, the scale will 
he altered.— This it is, of course, peculiarly important to bear in 
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miiulfWlien a series of tracings is ]>emg made of any sot of ol>jects> 
nrliioB it is intended to delineate on a uniform scale ; or when the 
Oamern Xihoida (or any similar arrangement) is employed for tl^ 
purpose of Micromeiry. All that is requisite to turn it to 
account, is an accurately-divided Stage-micrometer, which, being 
placed in the position of the object, envies the observer to see its 
lines projectea upon the surface upon which he has drawn his out- 
line j for if the divisions bo marked upon the paper, the average of 
several taken, and the paper then divided by parallel lines at 
the distance thus ascertained (the spaces being subdivided by inter- 
mediate lines, if desirable), a very accurate scale is fumisned, by 
which the dimensions of any object drawn in outline under the same 
power may be minutely (letennined. Thus, if the divisions of a 
Stage-micrometer, the real value of each of which is a 100th of an 
inch, should be projected on the paper with such a magnifying, 
power 08 to be at the distance of an inch from one another, it is 
obvious that an ordinary inch-scale apf>lied to the measurement of 
an outline, would give its dimensioiiH in lOOths of an inch, whilst- 
each tenth of that scale would be the equivalent of a l,000th of an 
inch. When a sufficient magnifying power is used, and the dimen- 
sions of the image are measured by the ‘ diagonal’ scale {which 
subdivides the inch into 1000 parts), great accuracy may be 
obtained. It was by the use of this method, that Mr. Gulliver made 
his admirable series of measurements of the diameters of the Blood- 
corpuscles of different animals. — In usihg Nachet’s vertical Camera 
for Micrometry, care must be taken so to adjust the slope of the 
drawing-board, tliat the Micrometer scale shall be project^ on the 
paper without di8t<.>rtion. 

94 Nose-piece . — It is continually desirable to be able to substi- 
tute one Objectiveforanother 
with as little expenditure of 
time and trouble as possible ; 
so as to be able to examine 
under a higher magnifying 
power the details of an object 
of which a general view ha« 
been obtained by means of a 
lower; or to use the lower 
tor the purpose of finding a 
minute object (such as a par- 
ticular Diatom in the midst 
of a slide-full) which we wish 
to submit to high amplifica- 
tion. This is effected by the- 
Nose-piece of Mr. C. Brooke, 
which, being screwed into* 
the object-end of the body of 
the Microecope, carries two Objectives, either of which may 
^ brought into position by turning the arm on a pivot. In ita 
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Swift's Impruvod Koso-piece. 
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^crigixial form, the arm was straisht; so that the Objecldve mi in iise 
was often brought down upon tne Sta^e, unless the relative leng^s 
of ihe two objectives were specially adjusted. This inconvenience is 
. avoided, however, in the construction adopted by Messrs. Powell 
-and Le^and, and further simplified hy Mr. Swift (Fig. 71) \ the 
bend given to the arm having the effect of keeping the Objective 
not in use completely off the stage. — The working Microsoopist will 
scarcely find any Accessory more practically useful to him tnan this 
simple piece of apparatus. 

^ 9/. Finders . — All Microscopists occasionally, and some con- 
tinually, feel the need of a ready means of finding, upon a gloss 
slide, the particular object, or portion of an object, which they 
« desire to bring into view; and various contrivances have been 
suggested for the purpose. Where different magnifying powers 
can be readily substituted one for another, as )>y the use of the 
Erector (§ 84) or of the Nose-piece, no special means are required ; 
since, when the object has been found by a low power, and brought 
into the centre of the field, it is rightly placed for examination by 
' any other Objective. Even this slight trouble, however, may he saved 
by the adoption of more special methods ; among the simplest of 
which is nuirking the j^msition of the object on the surface of the 
tliin glass which covers it. The readiest mode of doing this, when the 
object is large enough to be distinguished by the naked eye or under 
the Simple Microscope, is to make a small ring round it with a fine 
• earners- hair pencil dipped *in A sphalte, or Brunswick black (Indian 
ink being objectionable, as liable to be washod-off when water-immer- 
sion Objectives are in use) ; but when the object is not thus visible, the 
slide must be laid in position on the sta;|e, the object ‘ found’ in the 
Microscope, the Conefenser adjustc'-d to give a brignt and defined circle 
of light, and then, the Microscope-body being withdrawn, the black 
Ting is to be marked around the illuminated spot, ^riiis method, how- 
ever, has the disadvantage of concealing any other objects that may 
lie in close proximity to the one around which the circle is drawn ; 
-and recourse must be had in such cases to some other plan. — 
The Mecb^ical Stf^e may be oovsily turned to account as o^find^, 
by engraving upon it two scales, horizontal and vcoiicxd, by which 
the objcct-pmtform may be exactly set to any dtjsired position ; this 
platform being itself provided with a removable ‘ stop’, against 
which the glass slide (resting on its lower edge) may so abut, as 
i always to occupy the same place on the platform. Now supposing 
an observer to be examining a newly-mounted slide, containing ^y 
object which he is likely to wish to find on some future occasion, 
he first lays the slide on the object-platform, with its lower edge 
resting on the l6<^e, and its end abutting against the lateral stop, 
and brings the object-platform itself to the zero of the scales ; then, 
whenever, on moving the slide by “^e traversing action, he 
with any particular form worthy of note, he reads-off its posi^n 
upon tne two scales, and records it in any convenient mode. The 
. ^cj^de may be divid^ to 50ths of an inch, and each of these spaces 
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may be again Kalvcn:! by ibe eye ; and the record may perhaps be* 

best made thus, — TriceratUm favm the upper number marking. 

IS J- ; 

the * latitude’ of the object on the vertical scale, and the lower its 
‘ longitude ’ on the horizontal. Whenever the Microscopist may 
wish again to bring this object under examination, he has merely to. 
lay the slide in the Bamo position on the platform, and to adjust the 
platform by its scales according to the recorded numbers.’* — ^I'he 
‘ finder’ most commonly used is that invented by Mr. Maltwoocl,t 
which consists of a glass slide 3 inches by inch, on which in •photo- 
fjraphed a scale tliat occupies a square inch and is divided by hori- 
zontal and vertical lines at 1 -50th of an inch apart into 2,500 squares,, 
each of which coniaiiiH two iiuiubers, one marking its ‘ latitude* or 
place in the vertical series, and the other its ‘ longitude’ or place in the 
horizontal series, 'llie slide, when iu use, should rest ujx)n the ledge 
of the stage of the Microscoj)c, and be matle to abut against a stop' 
aboutli inch from the centre of thcstage.— Inorderto use this ‘finder,* 
the Object-slide must be laid iqxm the Stage in such a manner as to- 
res t upon its ledge and to abut against the stop; and when some par-* 
tioular object, whose [>lace it is desired to record, has been broughtinto 
the field of view, the object-slide being removed and the ‘ finder * 
laid down in its place, the numbers of the square then iu the field 
are to be rcad-otf and recorded. To find tbat object again at any 
time, the ‘finder’ is to be laid in its pl&ce tm the stage, and the 
stage moved so as to bring the recorded number into view ; and 
the object-slide Ix'lng then substituted for the finder, the desired 
object will present itself iu the field. Ah care is taken in the pro- 
duction of each ‘ Maltwoovl,’ that the scale shall be at an exact dis- 
timoe from the Ixjttom and left-hand end of the glass-slide, the 
Microsoo})ist may thus enable any other observxT provided witli a 
similar ‘ finder ’ to bring into view any desired obiect, by informing 
liim of the numbers that mark its latitude ami longitude. These 
numbers may either bo marked upon the o]>ject-slide itself, or 
recorded in a separate list.J 

t 

* This first Hugg('Htod by Mr. Okedou, might adai)tM with so little 
trouble orexjxuiae iu every Microscope possessed of a Mechanical stage, that 
it would Ik) vin’y desirable for crerif such Microscope to be furnished with 
these graduated scales. If the different Makers would agree to use the l-50th 
seals, Observers at a distance from one another, who might wish to- 
ox&iUiue each othei'a objects, would have no difficulty iu fluding them by the 
Toord of their positions accompanying each slide. 

f Transactions of the Microscopical Society,” N.S. Vol. vi. (18o8)i, p. 69. 

t Tha only drawback to the utility of the Maltwood finder lies in the fact 
that a aingle square more than covers the field taken-in by l-4th Objective 
vdth the A eye-piece I so that with powers many times as greah the proper- 
ti<m f*t square viewed at once is so small, as to m^e it imposfidble 
to fix the placse of the object with any precision. I’o obviate this dMculty, 
Mr. W. Webb proposes a findhr rw/ed with lines only l-900th of an indi apa^ 
so as to divide a square of only 04ths of an inch into 22,600 squares. As 
Would be impossibte to mark distinguishing uumemls within squares of such. 
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98. I>^[)/irasfww.--Iivery Microscope should be provided with 
gome meaus of regulating the amount of light sent upwards from 
the Mirror throng transparent objects under examination. This 
is usually accomplished by means of a Diaphragm^platOt perforated 
by apertures of oifferent sizes (the smallest of which should be no 
larger than a pin-hole), and pivoted to a removable fitting attached 
to the under side of the Stage, in such a manner that by rotating 
the plate, either of the apertures can be brought into the optic axis 
of the instrument. The largest of its apertures should be made to 
carry a ground-glass (so fitted as to be removable at pleasure), the 
use of which is U) diffuse a soft and equable li^fht over the field 
when large transparent objects are under examination with a low 
power ; while between the smallest and the largest aperture there 
should be an imperforated space, to serve as a dark background for 
Opaque objects. The edge of the Diaphragm-plate should be 
notched at certain intervals, and a spring-catch fitted so as to drop 
into the notches, in order that each aperture may be brought inro 
its proper central position. When the Diaphragm-plate is used to 
improve the definition of high powers, it loses much of its value if 
its apeiture be not voy close to the under side of the object-slide ; 
and any arrangement which sets it at some distance beneath the 
stage is consequently objectionable. Its best position is m the 
ih irhtrcss of the stage, which, for receiving it, is made of two plates 
screwed together. — A differjeut arrangement may be adopted with 
advantage, when the Stage is jirovidcd with a cylindrical fitting for 
the reception of Illuminating and Polarizing apparatus. A snort 
tube sliding into this may carry a shoulder at its upper end, upon 
which may be fitted two or more caps with apertures of different 
sizes, so that these perforated caps may be either pushed up flush 
with the surface of the stage, or may bo lowered to any distance 
beneath it, according as the best effect is produced. A ground-glass 
for diffusing light may also be adapted to He on the shoulder in the 
piece of the perforated caps ; and there should also be an unjier- 
forated cap to serve as a back-ground to opaque objects.— Such groat 
advantageas often derivable from a gradational modification of the 
light, that the Microscopist who desires to avail himself of this 
will do well to provide himself with one of the forms of graduating 
diaphragm which have been recently introduced. That long ago 
invented by DoUond for Telescojnc purposes is equally applicable 
the Microscope ; the circumstance that its aperture is square, 
instead of round, not constituting any practical onjection to its use. 

minuteuoss, ho mlos stronger lines at intervals, so as to divide the whole area 
into * blocks’ of 100 squares in each ; and any individual square can bo easily 
described (1) by the block iu which it lies, and (2) by its position in that blcMJk. 
(“doura. ot Hoy. Microsc. Soc.," VoL iii., 1880, p. 760).— To those who prefer 
tlifi simpUoity ^ven by the numbering of each square in the Maitwood nndor^ 
the Author would suggest that the object may be always ‘found* by it with 
thel-4th Objective; and tliat, if thus brought into the centre of field, the 
object will lie within the field of any Objective of higher power, proridea the 
oenteging df the two be conformable. 



AOOESSOBir AF^AEATira 




111 fuMlier form, introduoed by Mr. CoUias (Jig. 72),fotir BhnUers are 

made to move inwards simnltaiie- 


Pio. 72. 



ously, by acting on a lever^handle, so 
as to narrow the aperture, the sha^ 
of which always remains more ne^y 
circular than square. And in the 
‘ Iris Diaphragm^ devised by Mr. J . H . 
Brown,* the multiplication of the 
number of shutters makes the aper- 
ture practically circular. The new 
construction of this, devised by Mr. 
(jJeorge Wale,TJ.S., is so simple, inei- 
pensive, and effectual, that its general 
adoption in place of the Diaphragm- 
plate may be anticipated. 

99. Avhro^tuittc Covd^ntters . — In 


Bullins’a Graduating Piupliragiu. almost every case in which an Ob- 
jective of l-4th inch or any shorter focus is employed, its per- 
t’ormance is greatly improved by tlio interjx>sition of an Achromatic 
combination ne tween the mirror aud the object, in such a manner 
that the rays reflected from the foriuer shau be })rought to a focus 
in the spot to which the objective is directed. A distinct picture 
of file source of light is thus throwu ou the object, from which the 
lays emanate agaiu as if it were self-luminous. The Achromatic 
combination, which (at least in all First-class Microscopes! is one 
specially adapted to the purpose, is furnished with a Diapnrs^- 
plate immediately beueatli its lowest lens (Fig. 7lJ) ; and this is 

pierced with holes of such forms 
aud sizes as to cut off* in various 
degrees, not merely the peri- 
pheral but also the central part 
of the illuminating pencil, or to 
allow oblique light to pass only 
in some one azimuth, or in two 
azimuths at right angjes to each 
other. The Achromatic Conden- 
ser of Messrs. Beck is a comhi- 
iiatiun of three pairs, of which 
the first and second are remo- 
vable, 80 that the back pair may 
lie used alone for the iHuzni- 
uation of objects viewed with 
Beck’s Aohimiuitic Condenser. low or medium powers.— The 

Achromatic Condenser of Messrs. 



Poivell and Lealand has an angular aperture of 17(P, end thus 
taransmits rays extreme obhquity throimh objects mounted 
on thin glass ; all other rays being excluded (if desix^) by a special 


♦ **Tmiis«oiioxis of the Microscopical Society,” Vol. xv., p. 74. 
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3 WTWigeBa«iit of stops. The Diaphragm-plate being pei-foratad by 
apertures of different sizes, the largest of these (which transmit 
me ^tire pencil) can be partially closed by centric or excentric 
stops attached to a separate arm, any one of which can be brought 
into the optic axis ; and thus, whilst the graduated apertures of 
the diaphragm-plate limit the peripheral portion of the pencil, the 
stops cut o8 its ventral^ allowing the transmission either of its 
■entire peripheral portion, or of the rays proceeding only from some 
special part or parts of it. The same eminent makers have lately 
introduced a Non-achromatic Oil-immersion Condenser ; which, at 
a much lower cost, serves for the resolution of the most difficult 
tesl^, their illumination by coloured rays not being found practically 
objectionable.-— In the Achromatic Condenser now made by Messrs. 
Ross, extreme obliquity of the illuminating rays is not provided for, 
this being obtained by means of their Pio. 74. 

* swinging tail-piece ’ (§ 72). Its corn- 
bination nas a Wus of about 4-l()ths 
inch ; and beneath its back-lens, which 
has an aperture of half an inch, is an 
iris-diaphragm for reducing it in any 
desired degree, with a rotating Dia- 
phragm-plate having a set of stops 
adapted to limit the aperture and to 

give a * black-ground ’ innmination m 

tinder objectives of different angular 

apertures. — Messrs. Beck have re- 

cently introduced a new Achromatic 

Condenser with a front revolving ex- 

centrically (Fig. 74), by which means 

its focus may Be vari^, and a ‘ block- 

ground * illumination may be obtained 

suitable for objectives having angles as high as 120°. 

1(X). Wehs^ Oo 7 ideiLser, — Though the original idea of me 
arrangement which has come into general use under this 
designation, and which is at the same time comparatively 
pensive and applicable to a great variety of purposes, was given by 
Mr. J. Webster (“ Science Gossip,” April 1, 18^), it has received 
important modifications at the hands of the Opticians by whom the 
instrument is manufadibred ; and has, perhaps, not even yet 
undergone its full development. In its present form the arrange- 
ment of the lenses strongly resembles that used in the Kellner 
cye-pieoe (§ 28) ; the field-glass of the latter serving as a condens^ 
to receive the cone of rays reflected upwards from the nurror, and 
to make it converge upon a smaller Achromatic combination, wmch 
consists of a double-convex lens of crown, with a plano-o^vexlens 
of flint, the plane side of tlic latter being next the 
lenses are oi large size and deep curvature ; so that wjmn meir 
central part is &>pped-out, the rays transmitted from their 
^heral porUon meet at a wide angle of convergence, and nave tne 
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effect of those timsnutted through the peripheral porfcifla <ji the 
ordiu^ Achromatic Condenser. When, on the other hand, Ihia 
comUnataon is used with a diaphragm that allows only the cental 
rays to pass, these rays meet at a small angle ; and the illnmination 
thus given is very suitable for objects viewed with low powers. 
Again, by Btopping-out the central portion of the combination, and 
removing the Condenser to a short distance beneath the object, the 
effect of a ‘ black-ground ’ illumination (§ 104) can be very satis- 
factorily obtained with Objectives of low or moderate angular 
aperture. Further, by stopping-out not only the central but a 
great part of the penpherat rays, so as only to allow the light to 
enter from a small portion or portions of the margin, illumination 
of considerable obliquity can be obtained. All tliis can be providetl 
for by a Diaphragm-plate made to rotate at as short a distance as 
possible beneath the condcnKing-lens ; but as the number of 
aj>erture8 in tiiis plab* is necessarily limited, a grcab^r variety is 
obtained by the use of a Craduating Diaphragm (§98) for the regu- 
lation of the centric aperture, 
and by making the apertures 
ill the rotating plate subser- 
vient to the other purposes 
already named, as is done in 
the arrangement of Mr. Col- 
ling (Pig. 75). — Still greater 
variety can he obtained by 
substituting for the Dia- 
})hragm-plate a short tube 
sliding witliiu th<‘ one that 
carries the lenses ; its summit 
being furnished with a socket 
into which may be inserted a 
diaphragm of blackened card 
or of thin metal, with an aper- 
ture or apertures of any shape 
or size that may bp desired. 
In tliis manner the diaphragm may be carried up quite close to the 
^ndensing lens, which ivS a ^eat advantage ; and when oblique' 
tUumiuation is desired, the Tight may be transmitted from any 
azimuth, by giving rotation to the tulio ciirrving a diaphragm with 
a marginal a|x<rturo, — The Webster Condenser thus improveil 
(which may also be useil In combination with the Polariscope) will 
foe found one of the most universally-useful accessoties with which 
a Student’s Mici'oscope can be proiided.* 



Condens r, with i 

Gnidualiiig Diaphnigiu. 


• A form oi Oondensor spocially adapted for very oblicjnc and also for 
‘ bliMslc-grouncl’ illttmination wm deviaeda fow years ago by iW. Abbe of Jena 
(” MtKntiily Hiorosc. Jonm«" VoL xiii^ 1875, p. 77), and lias since beanspecially 
adapted by him for use with ‘ homogeneous immersion’ belli Atted 

to fhe Miorosoopo-etands coustnicted by Zeiss ; but not being found eaj^y 
iqtplioaldo to Mkroseopes of the ordinary English models, it lias not been Ithm 
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101. Oblique lUfimin'Otor^.^The ortremeiy oOlique iUmniaatioa-^ 
quit^ for the reaohitioni of the more diffiomt lined * teste,* may W 
provided, as ha*8 been shown, either by the employment of a Oondea-i' 
mr of very wide angular aperture (§99) ; Or by riving to the whole* 
Illuminating apparatus (as origioaliy suggestea by Mr. (Irubb, of 
Dublin) a position of such obliquity to the optic axis of the Micro- 
scope, that even its axial ray shall fall upon the object-slide at a 
very low inclination — as in the lioHs-Zentmayer Microscopes 
(§§ 59, 72), and in the arrangements of Messrs. Beck (§ 75) and Mr. 
Swift (§ 68). It is considered by Mr. Weuham that there is no 
)>etter method of utilizing this arrangement, than by making the 
Sub-stage carry an ordinary Objective of about 1-iiich focus, and 
throwing its pencil upon a hemispherical hnis of half an inch 
diameter, the plane side of which has a film of glycerine interposed 
between itself and the object-slide. The lens may either be held 
in this position by its own adhesion, or it may be so fitted into a 
thin stage, that its plain surface shall lie flush with the surface of 
the object-platform. This (os also the Disk-Illuminator to be next 
described) may be made to work well with any fonn of Students* 
Microscope, wliich, like Wale’s (§ 60), has a thin stage and a mirror so 
swung as to be capable of reflecting rays of great obliquity. — For 
the illumination of objects hyaline of light thrown upon them very 
obliquely, Mr. Wenham has devised the simple Illuminator shown in 
Fig. 76. This consists oFa semi-circular disk of glass (somewhat- 
resembling the half of a outton) of half an inch in diameter, the 
sides of which are flattened, while the circular eilge is rounded and 
well polished to a transverse raxlius 
of 1-lOth of an inch. This concentrates 
tiie light thrown upon any part of its 
circumference, upon an object mounted 
on a slide of the usual thickness, witli 
whose under side it is brought into im- 
mersion-contact by the intervention of 
either water, glycerine, or a more re- 
fractive evil. As it should be so fitted 
to the Microscope as to illuminate the 
object from any azimuth, it should have its flat sides grasi>ed in a 
clip, which may either be mounted on the Sub-stage, or attached to 
under side of the Stage— in either case having its diametric section 
brought up to the under surface of the object-slide. By 
rotation to the object, the illuminator remaining fixed, the illumina- 
ting beam may be made to cross the former’in any diro^ion thatia 
fitted to bring out its markings. With this simple 1 lluminator, even 
Arnpkipleura pelhhcida may oe resolved without the aid of a C/on- 

up by Makers in tbis countiy. It seems to tbo Author, however, that the 
by which any degree of exccntricity can be given to the apertigea 
thAt the optical combination admits of, m%fat, ia comfc&tloa with the Irie* 
dtaphrtigm for limiting the angle of the pencil, be advantageously Subi^itfEsed 
for the rotating diaphragm-plate. 


i’lo. 7(1. 
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Wonhom’s Disk-IUumlnator. 
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^auiitftbeixunrot alone enfRcmg.^ — Another simple and effective 
4kimBanoe for the same purpose, is the Woodwara PrUm : a emal] 
ootnse^angled triangle ox glass, whose long face must be brought 
into immersion-contact wifii the object-slide by a film ojf interposed 
jgl^^oerine. Originallv devised as a right-angled prism, it was 
muted only for the illummation of objects seen under immersior 
OhjectiVes of widest angular aperture ; but by reducing its oblique 
ian^ee to less than 45®, so as to open-out the two equal sides, i1 
may be adapted to Objectives of much smaller aperture. In using 
it, the light is made to enter one of the oblique facets perpendicu 
larly to its surface ; and by looking in the like direction through th< 
other side of the prism, the observer can see when the face of th< 
object is best illuminated, by the rays reflected on it from the innei 
Burfaoe of that facet.-~-Thi8 prism can be made to hang to th< 
under surface of the object-slide by the film of interposed glycerine 
but as it is very apt to slip when the microscope is inclined, and as 
its full advantage can only be obtained when the object is made t( 
rotate so as to meet the illuminating beam in every azimuth, ii 
ahould be mounted, like the Disk-illuminator just described, in an 
indo^ndent fitting.f 

ICw, The AifbUii Prinnif which causes the rays to be at once 
reflected by a plane surface and concentrated by lenticular surfaces, 
BO as to answer the purpose of JMirror and (^/ondonser at the same 
time, is much approved by many who hayt‘ used it. Such a l^rism 
may be either mounted on a separate base, or attached to some 
part of the Microscope-stand. The mounting shown in Fig. 77, is 
n. very simple and convenient one; this consiKts in attacjhing the 

trame of tlie ])riHm to a sliding bar, 
wliich works in dovetail grooves 
on the toj) ot a caj) that may bo 
set on the ‘ secondary body * be- 
neath the stage ; the slide serves 
to regulate the distance of the 
prism from the axis of the mi- 
croscope, and consequently the ob- 
liquity of the iUumiuation ; whilst 
its distance beneath the stage is 
adjusted by the rack-movement 
of the cylindrical fitting. In this 
Amides Prism. manner, an illuminating pencil of 

almost any degree of obHqnity 
tthat is permitted by the construction of the Stage may be readily 
obt^ed ; but there is no provision for the correction of its aber- 
ratiems. In order to use this oblique illununation to the greatest 
adii'a&tage, either the prism or the object should be made to 
votate, thus oansing the oblique rays to fall iqx)n the latter from 

* For tile mode of oonstmeting this lUtumuator, so<; of Bov. 

JHcroec. 8oc ” Vo!, m. (IftSO), p. 146. ' 

t Ibid. Vol. I ami p. 240 
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we^miiamih in succedsioa, so as’ to bring out all its maridngft 

Ids, Blaeh-Gromid When the rays are directed 

mtii such obhquity as not to be received into the Olde^-glass at 
all, but are sufficiently retained by the Object to render it (so to 
speak) self-luminous, we have what is known as the blaeh^groun^ 
iUtmdnaiion. For low powers whose angular aperture is small, < 
and for such objects as do not require any more special provision, 
a sufficiently good * black-ground * illumination may be obtained by 
turning the concave Mirror as far as possible out of the axis of the 
microscope, especially if it bo so mounted as to be capable of a more 
than ordinary degree of obliquity. In this manner it is often 
possible, not merely to bring into view features of structure that 
might not otherwise be distinguishable, but to see bodies of extreme^ 
transparence (such, for instance, as very minute Animalcules) that 
are not visible when the field is flooded (so to speak) by direct light; 
these presenting the beautiful spectacle of phosphorescent pomts 
rapidly sailing through a dark ocean. It is one of the great 
advantages of this kind of illumination, that, as the light radiates 
from eacn part of the object as its projier source, instead of merely 
‘passing tJmntgh it from a more remote source, its diflerent parts are 
seen much more in their normal relations to one another, and it 
acquires far more of the aspect of solidity. The rationale of this is 
easily made apparent, by holding np a glass vessel with a figured 
surface in front of a lamp or a window, at some distance from the 
eye, so that it is seen by transmitted light alone ; for the figures of 
its two surfaces are then so blended together, that unless their form 
and distribution be previously known, it can scarcely be said with 
certainty which marlcings belong to either. If, on the other hand, 
ad opaque body be so maced behind the vessel that no rays are 
transmitted directly tnrough it, whilst it receives adequate illu- 
mination from the light around, its form is clearly discerned, and 
the two surfaces are distinguished without the least difficulty. 

104. A simple method of obtaining ‘black-ground* illumination,, 
which works well with objectives of low power and small angular 
aperture, consists in fixing into the top of a short tube that ^des 
into the ‘ cylindrical fitting ’ usually carried lieneath the stage in 
Educational and Students’ Microscopes, a small ‘bull’s-eye ’ lens, the 
plane surface of which (placed uppermost) has its central portion 
covered by a black spot. When bght reflected by the mirror falls 
on the lower surface of this Bpot-Lens, only the rays that fail on its 
marginal ring are allowed to pass ; and these, owing to its high 
curvature, are so strongly refracte<l inwards, as to cross each otlmr 
in the object (when the lens is focussed for it), and then diverge 
ag^ at an angle sufficiently wide to pass beyond the margin of the 
objective, like those transmitted by the Paraboloid to bo presentiy 
described (Pig. 79, p o, ? it). Thus the field is left dark ; whilst 
the light stom^ by the object gives it a luminosity of its own.— 
The same enfect is gained by the use of the Webster Condenser 
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0 100) witli a central «top placed immediately behind the lowei 
len« or npon the flat surface of the upper.— Neither of the foregoing 
plaiu» however, will answer well for Objectives of hi^ power, 
sufch large angles of aperture that the light must fall 
oblioudiy to pass beyond them altogether. Thus if the pencil foimjcu 
by ‘ spotrlens * nave an angle of 50°, its rays will enter a 4-lOtlis 
pbjeotive of 60°, and the field will not be darkened. 

105, A greater degree of obliquity, suited to afford ‘black-ground ’ 
illumination with OhjectivcH of larger angular aperture, may be 
obtained by the use ol the Pttraholie Illuminaio)'* (Fig. 7B) ; whudi 
consists of a I^araboloid of glass that reflects to its focus the rays 
which fall upon its internal surtace. A diagrammatic section of 
this instmnumt, showing the course of the rays through it, is giv(‘n 
in Fig. 79, the shaded ]>ortion representing the Faralxdoid. 'Fhe 

Fig. 7J« 

■■■■■■■■■■■■■■■■■I 
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liarallel rays e /•' r", euit‘ring its lower surface per jvendicularly, pass 
on until they meet its parabolic surface, on which they M at 
such an i^gle as to be totally reflected by it (§ ‘2), and are all directed 
towards its focus, f, MTie top of the Paraboloid being ground out 
into a spherical curve of which p is the centre, the rays in emerging 
from it undcorgo no refraction, since each falls perpendicularly ujam 
the part of the surface through which it posses. A stop jjlaced at 

• A JPwrshoKc Illuittinntor wse 6rst devised bj Mr. Wenham, wbo, however, 
employ^ » saver epeenlnm for tbo puruose. About the satno time Mr. 
^tfulbut devised Im Apaul&r Condenser of QIass for the same piirpose (see 
^fnuHHKrt. of Hierosc. So©.,” 8erX,Vol. hi, 1862, pp. 86, 182). The two 
jirineiplea are combined in the Glsaa Paraboloid, 
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uny of the rays reflected upwards by tbe mirror from 
pasaing to the object, which, being placed at f, is illiiminated by 
the rays reflected into it from all sides of the Paraboloid. Those 
rays which pass through it diverge again at various angles ; and if 
the least of these, g p h, be greater than the angle of aperture of 
the Object-glass, none of them can enter it. The stop s, is attachetl 
to a stem of wire, which passes vertically through the Paraboloid 
and terminates in a knob beneath, as sliown in Fig. 78; and by 
means of this it may be pushed upwards so as to cut off the 1 (?sh 
divergent rays in their passage towards the object, thus giving 
a black-ground illumination with Objectives of an angle of a|>ertiir6 
much wider than g f u. In using the Paraboloid for delicate 
objects, the rays whi<h are made to enttn* it should be parallel, con- 
sequently the phue Mirror should always Ih) emi>loyed; and when, 
instead of the parallel rays of daylight, we are obliged to use the 

verging rays of a lamp, these should be rendered as parallel as 
possible, previimsly to their reflexion from the mirror, by the inter- 
]r>sition of the ‘bull’s-eye' Condenser (Fig. 87) so odjusteil as to 
])roduce this effect, ’fhere are many cases, however, in which the 
strong vir light of the concai’c Mirror is preferable. — When it is 
desired thot the light should fall on the ob-ject from one side only, 
the circular vqxming at the bottom of the wide tube (hhg. 78) that 
Giii ri(‘s the Paraboloid, may be fitted with a diaphragm adapted to 
4^over all hut a certain porlion of it; and by giving rotation to this 
diaphragm, rays of groat obliquity may be made to fall ujKin the 
object from ev(!ry azimiitn in sucoossion.’*' — A small glass cone, 
with the ape.x downwards, and the base somewhat convex, with a 
stop in the centre, is litted by MM. Nachot to their Microscoiies for 
the same pnrpos(; ; and performs very effectively. 

106. In order to adapt the Paraboloid for black-pjound illumi- 
nation under Objectives of wide angle of ai>orture, Sir. Wenharaf 
long since coustmctc'd nflafAoyped paraboloid, fitted to reflect only 
rays of such extreme obliquity, that they would not pass out of the 
flat surface of the, paraboloid into the under surface of the slide, 
unless a film of either water or of some licjuid of higher refractive 
index (such as turpentinp, or oil of cloves) was interjyosed between 
them. When thus enabled to enter the slide, these ravs pass on 
until they meet the cover, from whicli (in the cose or dry-front 
objectives) they are rellecte<l downwards u^Km the surface of the 
object, giving it a bright illumination on a perfectly dark field* 
The special value of this instrument, however, not being then 
understood, it was not constructed for sale. The same pnnciple, 
however, having been more recently taken up by Dr. Kdtnu^s, 
an Immersion Paraboloid specially devised by mm for use with 

* By the use of such a diaphragm, or of a large stop with an exeoiatjic per- 
foratiem, Mr. G. Williams has succoedt-d in resolving the transverse 0tri« of 
Am^^dpkwr<k ptVUtcida with water-immersion Objoctivr^. See “ Jounn of Boy. 
Microsc. Soc” Vol. iii. (ISSd), p. h24. 

f Transact, of Microsc. 8oc.,*’ N.S. Vol. iv, (IHIjG) p. of). 
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Immersion Obiectives of large aperture, Hae been constructed b^ 
Messrs. Fovell k Lealand, with results so satisfactoiy, teat it now 
ranks among the Accessories most valued hy such as habitually 
work with uojectives of that highest class * 

107. Wm1icmi*e Reflex Ulnminator. — Another very ingenious and 
valuable illuminator for high powers has been devise by Mr. Wen- 
ham, t and constructed by Messrs. Boss. It is comjxised of a glass 
cylinder (Fig. 80, half-an-inch long, and four-tenths of an inch 
in diameter ; one side of which, startmg from the bottom edge, is 
worked to a poHshed face at an angle of 64° with the base. The 
top of tee cylinder is polished fiat, whilst its lower surface is con- 
vex, being iiolishcd to a radius of 4-10th8 of an inch ; close beneath 

this last is set a plano- 
convex lens of iVinch 
focus ; and the com- 
bination is set excen- 
trically in a fitting, i /. 
adapted to be received 
into the Sub-stage. 
The parallel mys./ffl 
reflected up into it from 
the mirror, are made 
to converge, by the 
convex surfaces at the 
base of the cylinder, 
at such an angle, that 
if their course were con- 
tinued through glass 
they would meet at 
the point h, above the 
glass slide c; but by 
impinging on the in- 
clined x>oli8hed surface, 
they are reflected to 
the flat segmental top, 
from which again they 
would be reflected ob- 
liquely downwards so 
as to meet in the point 
/>, but for its being 
brought into ‘immer- 
sion-contact’ with* tee 
under side of the 

Kefloi Ulumiu.tor. 

, through the slide, teey 

meet in a point, g, a httle above its upper surface, in the optic axis 
of tee Microscope, to which point the object must be brought ; and 
by giving rotataon either to the objector to the niuminator.it may 
♦ Monthly Jonnu of Microec. Set,” VoL xviii., p. 78. t Ibid, Vot vii., p. 
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he illuminated from eveiy aaamiith. For convenience of centering, 
a black half -cylinder c, is so fixed by the side of the cylinder, that 
if a dot upon its upper surface be brought into the centre of the 
field of view of a low-power objcctivo, its focus j/, will lie in the 
optic axis. — Some skill and practice are required to use this appa- 
ratus to advantage, but it wiU amply repay the trouble of mastering 
its difficulties. It is best suited to thin flat objects ; with those 
that are thick and irregular, distortion is unavoidable. Although 
sjxjcially designed as a ‘ black-ground * illuminator, it may also Ik* 
made useful in the resolution of difficult 'Pest- objects by franmidtted 
light,* the illuminator being lowered until a coloured spectrum 
appears in the field, the rays of which bring out their markings 
with remarkable distinctness. — For use with either of these arrange- 
ments for ‘ blae.k-grourul ’ illumination, it is better that the objects 
should be mounted ‘ dry,* especially when they are to be viewed 
under ‘ iniTiKjrsion’ objectives ; balsam-mounted objects being thus 
seen better with dry-front objectives. 

108. The following directions are given by Mr. Schulze (“English 
Alechanic,” 1877, No. G61) for the use of the two illuminators last 
described ; — “ First, rack up the Sub-stoge, until the plane top of 
the illuminator is level with the stage ; centre carefully ; put a drop 
or two of glycerine ou the under side of the slide, taking care that 
no air-bells arc formed; and placJC the slide on the stage. If, now, 
rays parallel to the optic axis are thrown up by the plane mirror or 
rectangular pnsm, a lumiueus spot will appear on the slide if an 
object lies in the optic axis. Next focus ; and by adjusting the 
mirror or rectangular j)rism more carefully, the object will Ikj 

brilliantly illuminated by very oblique rays ou a black ground 

I generally use one of How’s common Microscope lamps tilled 
with good paraffin oil, and having a wick half an inch broad ; but 
for the highest powers 1 have recourse to the 1) allin ger lamp (§ 131). 
After I have obtained the best results, 1 interpolate a bull’s-eye 
Condenser to increase the light, focussing carefully a miniature 
image of the flame on the slide. 1 invariably use the narrow side 
of the flame turned towards the mirror or prism, when resolving 
lined tests. It is, however, by sunlight that the performances of 
the Immersion Paraboloid and Reflex Illuminator seem to eclipse 
any resolution that can be obtained by transmitted light.” [Ims 
was written hofora Mr. Schulze had found out the mode of working 
these instruments already noticed.] In regard to the relative values 
of the two illuminators, Mr. Schulze states as the result of careful 
eomparativo trials of them : — “ The Paraboloid is a trifle easier 
managed, gives a little more light by lamplight, and is somewhat 
cheaper than the Reflex Illuminator. Both perform equally well 
on dark ground by sunlight ; but Hie Reflex Illuminator can also 
be used on balsamed slides and with immersion lenses for the 
examination of objects by transmitted very oblique white light.” 

• See Schulze in “ Jonm. Roy. Hiorosc. Soc.,“ Vol. i. (1878), p. 45 ; and 
Bn Woodward in same Vol., p, 248. 
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100. lAgU-Modifiers.^YoT (1) reduom^ tlic intensity either of 
BoW^ight or Lamp-liglit, (2) for correcting the yellowness of the 
lirfto, and (3) for the equable diffusion of either fight over a large 
Md, it is often convenient to employ interposed media, the nature* 
ol which must be varied accordmg to the particuto purpose to 
be attained. —The direct rays of the Sun are very little employed 
by ^croscopists, oxcej)t for Photography or some other sj^cial pur- 
pose. But when recourse is had to them in ordinary Microscopy, 
it is well to take advantage of ‘ Kainey’s Light-modifier,’ which is 
a combination of one thickness of dark-blue glass free from any 
tint of red, another of very pale blue with a slight shade of green, 
and two of thick white plate-glavss, all cemented together by Canada 
balsam. This is mounted by Messrs. Powell and Lealand on a 
separate stand ; and may bo used with Lamp-light as with sun- 
liAt . — Some observers use Lamp-chimneys of either neutral-tint 
or blueish glass for the ]>urpose of moderating the glare of the 
dame or of correcting its ytdlowncss ; but as the chimney cannot 
be conveniently changed whenever the full light is required, the 
Autlior much prefers making such ‘ light-modifiers’ a part of the 
Illuminating apparatus attached to the Microscope itself ; and this 
may be done in different modes, according to the construction of the 
instrument. Thus, when the Webster Condenser (§ 100) is in use, it 
maybe furnished with three caps made to slide u))on its u]q)er portion ; 
one of them fitted with a disk of blue-glass, second with one of neutral- 
tint glass, and the third with a fiuely-gtoun<l glass. And in Swift’s 
Combination Sub-stage (§ 112) similar disks may be made to drop 
into the openings of the rotating plate ; so that one may readily 
be changed for another, or, if all three be j>laced in the plate at once, 
an object may be examined under any one (jf them by merely rota- 
ting the plate. Pvery ordinary Diaphragm-])] ate (§ 98) ought to 
have its largest a])crture fitted.* by means of a ]>n>je(:tiug shoulder, 
to carry such a set of disks. — The three arms on which tlie rotating 
Seicnites are attached to the Suh-stage of Messrs. Beck's Pirst- 
cla^ Microscope (Fig. 82), may be fitted with similar disks, each of 
which may then l)e ustnl either separately or in combination with one* 
orbotli of the others. — Every ‘Light-modifier’ should be so con- 
structed and worked, tliat the light should be made as nearly as 
possible to resemble that of a bright white cloud. For this j)urpose 
a white-cloud Koflector may be easily made —either fiat, by casting 
a Plaster of Paris disk upon the plane surface of the mirror— or 
concave, by casting it on the surface of a gla.s8 globe ; the light re- 
fieoted from the surface of the plaster requiring to be condensed 
for the ilinminatiou of small objects.— Very pleasant white-cloud 
effects may be obtained by methods ado]>ted by Mr. Slack. For 
largo objects, viewed with'powers of 1 J to 4 inches, he places under 
stace a tube holding a large disk (14 inch diameter) of ground 
glass, the ground surface being protected by a plain glass cover 
over it. By this means the peculiar tint of the fresldy ground 
surface is permanently retained. For 2-3rd8 and half-inch powers 
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he employs a glass slide carrying a disk or square of thin 
paper, saturated with spermaceti, and protected from dirt by a 
thm glass cover that adheres to it. This slide, disk downwards, 
is placed under the object, tinder still higher powers, some objects 
may be very conveniently illuminated by a small buirs*eyo finely 
ground on its flat surface, and fixed with its convex face downwards 
in a tube that slides into the Sub-sta-ge fitting. 

110. Polarizinq Avparatn^.— ln order to oxaminc transparent 
objects by Polarized Light, it is necossary to employ some means of 
polarizinff the rays before they pass through the object, and to 
apply to them, in some part of tlieir cumrse between the object and 
the eye, an atmh/fihvj medium, 'fhese two roquiremonts may be 
provided for in different modes. The polarizer may be either a 
bundle of plates of tbin gbiss, used in place of the mirror, and 
polarizing the rays l\v reflexion ; or it may be a ‘ single image' or 
‘ Nicol’ [irism of Iceland 8])ar, which is so constructed as to 
transmit only one of the two rays into which a beam of ordinary 
light is made to divaricate by pas.sing through this substance. Of 
these two methods, the ‘ Kic.oV prism is the one generally preferred, 
the objection to the reflecting })olarizer being that it cannot be 
made to rotate, d'bis polarizing prism is usually fixed in a tube 
(Fig. 81, A, </), furnished with a large millcid-bead, r, at the bottom, 
by which it is made to rotate in a collar, tliat screws into the 

. Fm. 81. 

II 



A, Fitting of Polarizing I’nsni ii, Fitting of AimlyHing rrism 

in Sub-stage. above Eye-pieco. 

Sub-stage fitting. For the analyser a second ‘NicoF prism is usually 
employed ; and this, fixed in a short tube, may be fitted either 
into a collar interposed between the lower end of the body and the 
Objective, or into a cap placed over the Eye-piece (Fig. 81, b), in the 
stead of the ordinary eye-piece cap. 'Phe former arrangement, 
which is specially adapted for use with the Binocular Microscope, 
has the advan^ge of not limiting the field, but it stops a good deal 
of light ; while in the latter, the image is brighter, but a good deal 
of the margin of the field is cut off. In the Harley Binocular 
(§ 68) the analysing prism is fitted into a slide Mow the Wenham 
prism, which is drawn out when the poiariscope is not in use; 
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itlitLi In Biiiootilii>r. a dlinilnr slide is Etted into 

'intteseammgemeBts^mxch 
ildtnatttge m is obtainable by the rotalion of the aimysing pirn 
is of oonrse foregone ; and im same sacridce is made, when, an the 
Stephenson Binocular (§ 36), the Iceland spar analyser is replaced 
by a reflector. — ^The Polarizing apparatus may be worked in com- 
bination either with the Achromatic Condenser (by which means it 
may be used with high power Objectives), or with either of the 
* black-ground’ Illuminators (§§ 104, 105), which show many objects 
—such as the horny polyparies of Zoophytes — gorgeously pro- 
jected in colours upon a dark field. 

111. For bringing out certain effects of dolour by the use of 
Polarized Light (Chap. x\u ), it is desirable t > interpose a plate ot 
8demte between the polarizer and the object , and it is advan- 
tageous that this should bo made to revolve. A very convenient 
mode of offocting this, is to mount tlie Selenite plate in a revolving 
collar, which tits into the up])er end of the taba that receives 
the Polarizing prism In order to obtain the groati'st variety of 
coloration with different objects, films of Stdenite oi different 
thicknesHCH should be employed ; and this may be accomplished 
by substituting one for auotlier in the revolving collar. A still 
greater variety may bo obtained by mounting three films, which 
separately give throe different c )loiirs, lu collars revolving in a 
frame resembling that in which lit^nd-magnifiers are usually 
mounted; this frame being fitted into the Sub-stage in such a 
niannor, that either a single Selenite, or any oombinatiou of two 
Selenites, or all throe together, may be brought into the optic axis 
above the polarizing prism (Fig. 8*2). As many as thirteen different 
Fro. ^ J tints may thus be obtained - -When 

the eonstnictiou of the Microscope 
does not readily admit of the con- 
nexion of the Selenite plate with the 
Polarizing prisiu, it is convenient 
to make use of a plate of brass 
(Fig. 83) somewhat larger than the 
glass slides in which objects are 
ordinarily mounted, with a ledge 
near one edge for the slide to rest 
against, and a large circular aper- 
ture into wWch u glass is fitted, 
having a film of Selenite ce- 
mented to it ; this ‘ Selenite stswre’ 
BwkoFB fieiemto^asnttedby or object-carrier being laid ^n 
#88rs. ^ ^ Stage of the Microscope, the 

eHdo contadning the object is placed upon it ; and, by an ingenious 
modification contrived by Dr. Leeson, the ring into which the 
Selenite j^ate is fitted bang made movable, one plate may Iw sub- 
stituted for another, whilst rotation may be given to the ring by 
meane of a tangent-screw fitted into the brass-plate.— The v^ety 
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of &its Mven by ^ Soleiii^fam imder Polaikod light, is so greatly 
iomosea the mterpositioa of a rotating film (S moa, timt two 
SeWtes-^«i and "tlwe—with a Mioa-film, are found to give tib 
entire aeries of colours 
obtainable from any 
number of Sdeuite- 
filmg, either separately 
or in comoination 
with each other. The 
F>m)ohing MicO’SeU- 
nito (Fig. 84) de- 
vised by Mr. Blankley, 
and made by ifr. 

Swift, fumiflhe.s a 
very simple and effec- 
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tive means of obtaining these beautiful effects ; the Mica-film being 
set in a diaphragm which can be made to rotate by applying the 
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finger at the front edge of the stage ; whilst the two Selenitos are so 
placed in a slide, that either of them can be brought under the 
aperture as desired. 

112. Hwifl'ft Combination Svh-Sfage . — In this ingenious piece of 
apparatus (Fig. 85) are combined the advantages of (1) an Achro- 
matic (condenser, a, centred by two milled-headed screws, c c, and 
liaving an angle of 140"^, which fits it for use with Objectives of 
very wide angular aperture, whilst, by removing the upper com- 
bination, it is made to suit lower powers ; (2) a contracting Dia- 
phragm worked by the lever a ; (5) a revolving Diaphragm, k, with 
four aj^ertures, into which can be fitted either (a) a senes of three 
central stops, giving a Black-ground illumination scarcely inferior 
to that of the jiaraboloid, and capable of being used with the small 
angled l-5th, (h) tinted or ground-glass Moderators, or (c) two 
Selenite-films for the Polarizing apparatus; (4) a Polarizing 
prism, r, mounted on an excentric arm, so as to be brought under 
the axis of the condenser when not in use, and thrown out when 
not wanted ; and (5) an upper arm carrying two revolving oeEs 

'#llA¥n sllAtXrtl 5 l.fi fl. Whllfl thC 
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oih^r is uzidcT ih© oondenser), bo tliat a revolving motion may be 
given to either by acting on the other ; one of these cells carries a 
plate of Mica^ the revolution of which over the selenite-films gives a 
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gimt variety of colour- tints with Polarized light ; while the other 
serves to receive oblique-light disks, to which rotation can he given 
hy the same means.—The special advantage of this Condenser lies 
in its having the polarizin^j prism, the selenite- and mica-films, the 
hlack*ground and oblique-lignt stops, and the moderator, all brought 
close under tiiie hack lens of the Achromatic ; whilst it combines in 
all idle most important appliances which the Snb-stage of 
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Secondanr body of First-clasa Microscopes is able to afford. It may 
specially recommended to such as make much use of Polarized 
light. 

113. lUmuiiaioTB for Opaqm OhjccU» — All objects through which 
sufficient light cannot bo tramifiitiad to enable them to bo viewed 
in the modes already described, require to be illuminated by rays, 
wliich, being thrown upon the surface under examination, shall be 
reficHed from it into the Microscope ; and this mode of viewing 
tliom may often be Ewlvantagoously iido])tod in regard to semi- 
transparent or even transparent objects, for the sake of tins diverse 
aspects it affords. Among the various methods devised for this 
purpose, the one most generally adoptf^d consists in the use of a 
Jjcns (Fig. Hb), either atliichod to the Microscope, or 
mounted upon a se- 
parate stand, by which Fio. 8G. 

the rays proceeding 
from a lamp or from 
a bright sky are made 
to converge upon the 
object. — For the effi- 
cient illumination of 
largo opaque objects, 
however, it is desi- 
rable to employ a Bull' a 
aye Condenser (which 
is a plano-convex lens 
of short focus, two or 
three inches in dia- 
meter), mounted upon 
a separate stand, in 
such a manner as to 
allow of being placed 
in a great variety of 
positions. The mount- 
ing shown in Fig. 87, 
is one of the best that 
can be adopted : the 
frame which carries 
the lens is borne at the Condensing Ltsns. 

bottom upon a swivel 

joint, which allows it to be turned in any azimuth; whilst it 
may l)e inclined at any angle to tJio horizon, by the revolution 
of the horizontal tube to which it is attached, around the other 
horizontal tube which projects from the stem ; by the sliding of one 
of these tubes within the other, again, the horizontal arm ma^ be 
lengthened or shortened ; the lens may bo secured in any ^sxtion 
(as its weight is apt to drag it down when it is inclined, unless the 
tubes be made to work, the one into the other, more stiffly than i« 
•convenient) by means of a tightening collar milled at its edges ; 
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— j rays 

T^e position of /e^fsplie* 
rical aberration is wlien 
its mivex side is turned 
towards 'parallel or to- 
wards the leaMt dwarghuj 
rays : consequently, when 
used by JJaylignt, its 
plane side should be turn- 
ed towards the ohject; 
and the same jx> 8 ition 
should be given to it when 
it is 1180(1 for procuring 
converging rays from a 
lamp, this being placed 
lour or live times farther 
off on one side than th(j 
object is on the other. 
But it may also be em- 
i>loyed for the pu]^ose of 
reducing the diverging 
rays of the Lamp to paral- 
lelism, for use either with 
tile f^aralxdoid (§ 105 ), or 
with the Ihirabolic spe- 
culum to be presently 
described ; and the pla7Hi 
side is th(‘n to be turned 
towards the lamp, which 
must be placed at such a 
distance* Irom the ‘ bull’s- 
eye,’ that the rays which 
have passed through the 
latter shall form a lumi- 
nous circle equal to it in 

from the lens the screen may bo liold. For viewing minute objects 
under high powers, the smaller Condensing lens may be us^ to 
Obtain a further concentration of the rays already brought into 
convergent by the bull s-eye.’— An ingeiiious ancl effective mode 
of imng tho^Bulla-eye condenser, for the illumination of very 
minute under hiffh-power Objectives, has been devised by 

Mr. Jamt Smith, ^e Microscope Ixdng in position for observa- 
tion the lamp should be pl^ed either in the front or at the side (as 
most t>^^<&nient), so that its flame, turned edge- ways to the stage» 
sboiild be at a somewhat lott>cr levels and at a distance of about 
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tihrofr should he placed between ihe etiu^ 

mH th« teap, with its pLa&e suxiaoe uppcnoi08t» and witibt ^ 
oonTCx surface a little a£(m the et^e* The light enteriiig ita 
ooayex surface near the mamu turuea towards the laiup> falls ou 
its plaae surface at an an^e so oblique as to be almost toiaUv 
reflect^ towards the opposite marffin of the convex surface, through 
which it passes to the object, a little above the plane of the 
ou which it should cast a sharp and brilliant wedge of light* The 
adjustment is best mode by first pladng a slip of white card on the 
stage, and, when this is well illuminated, substituting: the object- 
slide for it ; making the final adjustment while object is being 
viewed under the Microscope. No difficulty is exx>eriencod in 
^tting good results with powers of from 200 to 400 diameters ; but 
high powers require careful manipulation. Mr. Smith a^tes, that ho 
has succeeded in illuminating by this simple method, minute objects 
(such as Biatoin^ and scales of Jjeptdojdera), very briliiantiy and 
clearly, upon a dark field, under an immersion 1-1 6th inch Objective. 
But he considers that it answers better for objectives of moderate 
than of very wide angular aperture.^ 

114. The Illumination of Opaque objects may bo effected by 
reflection as well as by refraction ; and the most convenient os well 
08 most efficient in- 
strument yet devised 
for this purpose is 
the Paraholic Specu- 
lum of Mr. «Il. lieck 
(Fig 88), which is at- 
tached to a spring-clip 
that fits u[)on the Ob- 
jectives (2 inch, 
inch, 1 inch, 2-3rd8 
inch) to which it is 
esj>ocially suited, and 
is slid up or down, or 
turned round its axis, 
when the object has 
been brought into fo- 
cus, until the most 
suitable illumination Peck’s I'arabolic Speculum, 

has been obtained. The , .j i f n 

ordinary rays of diffused Daylight, which may be considered ^ laU- 
ing in a parallel direction on the Speculum turned towards the 
window ^ receive them, are reflected upon a small object m its 
focus, BO as to illuminate it sufficiently brightly for most pui^ses ; 
but a much stronger light may be concentrated on it, wnon ttte 
Speculum receives its rays from a lamp placed near the npposi 
side of the sta^e, a ‘ bull’s-eye ' being interposed to give paralloUsm 
to the rays. For the sake of Microscopists who may desire to 
• See Jouru. Koy. Microso. Soc.,** Vol. iit (1883), r* 




ACCESSORY APPARATUS. 


admirable instrament with Objectives to which it hae Eot bcea 
specially fitted^ an adapter is made by Mr. Crouch, consisting of a 
collar (Fig. 80, a) interposed between the lower end of the body of 

the Microscope and the obiective ; on 
this is fitted the ring b, wmch turns 
easily round it, and carries the hori- 
zonw arm c c, jointed at each end ; 
whilst the stem n, which can be 
lengthened or shortened at pleasure, 
hanging from this, carries at its lower 
end the Speculum f attached to it 
by the ball-and-socket joint B, By 
this arrangement the Parabolic Spe- 
culum may be used not only with 
the objectives already named, but 
also with those of one-half or 4-lOths 
inch focus, if these do not approach 
the object so nearly as to interfere 
with the reflexion of the illuminating 
rays from the Sjiecnlum. 

Ilf). Ijichei'huhn. — A mode of illu- 
minating opaque objects by a small 
concave Speculum reflecting directly 
down upon them the light reflected 
up to it fA)m the Mirror, was formerly 
much in use, but is now coimmratively seldom employed, '^rhis con- 
cave Speculum, termed a ‘ J jicberkiibn’ from the celebrated Micro- 
Hcopist who invented it, is mode to fit upon the end of the Objective, 
having a perforation in its centre for the passage of the rays from 
the object to the lens ; and in order that it may receive its lignt from 
a Mirror beneath (hTg. 90, a), the object must lie so mounted as only 
to stop-out the central portion of the rays that are reflected up- 
wards. The curvature of the Speculum is so adapted to the focus 
of the Objective, that, when the latter is duly adjusted, the rays 
reflected up to it from the mirror shall inade to converge 
strongly upon the part of the object that is in focus : a separate 
speciuum is consequently required for every objective. The dis- 
advantages of this inoile of iUumination are chiefly these : — first, 
iJittt by sending the light down upon the object almost perpen- 
ilioularly, there is scarcely any shadow, so that the inequities 
of its surface and any minute markings which it may present, 
are but faintly or not at all seen ; second, that the size of the 
oljeci must he limited by that of the speculum, so as to allow 
the rays to pass to its marginal portion ; and third, that a special 
mode of mounting is required, to allow the light to be reflected from 
the mirror around the margin of the object. The first objection may 
be in some di^jree removed by turning the mirror considerably out 
of tlie aria, »o as to reflect its light obliquely upon the Lieberfcuhn, 
which will then send it down obliquely upon the object (Fig. 90, ») ; 
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or by oovering one side of the Lieberkiihn by a diaphragm, which 
should be made capable of rotation, so that light may be reflected 
from the uncovered portion in every azimuth: the illumination, 
however, will in neither case be so good as that which is afibrded 
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with powers up to 2-Brd8 inch, by the Parabolic Speculum just 
described. The mounting of Opaque objects in wooden slides 
(f^'ig. 124), which affords in many cases the most convenient means 
of preserving them, completely prevents the employment of the 
Lieberkuhn m the examination of them ; and they must 1x3 set for 
this puipOHc either upon disks which afford them no protection, 
or in cells (§ 169) with a blackened background. The cases 
wherein the Liobcrkiihn is most useful, are those in which it is 
desired to examine small opaque obiects, such as can bo hold in 
the Stage-Forceps (§ 118), or mounted on small disks {§ 119), or laid 
ujpon a slip of gloss, with objectives of half -inch focus or less; 
since a stronger light can l>e thus concentrated upon them, than 
can be easily obtained by side-illumination. In every such cose, a 
black background must bo provided, of such a size as to fill the 
field, so that no light shall come to the eye direct from the mirror, 
and yet not large enough to create any unnecessary obstruction to 
the passage of the rays from the mirror to the sjxiculnm. With 
each Lieberkflim is commonly provided a blackened stop of appro- 
priate size, having a well-like cavity, and momite<l upon a pin 
which fits into a support connected with the under side of thi* 
st^e; but though this ‘dark well* serves to throw out a few 
objects with pecSiar force, yet, for all ordinaiy purposes, a spot 
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0 f paper or black vamisb will answer the required puroose 
Tcry elfocteally, this spot being either made on the under side of 
the ceU which contains the object, or upon a separate slip of glass 
laid upon the stage beneath this. 

116. Vertical Illumination /or High Pmvers , — Various attempts 
have been made by Mr. Wenham and others to view opaque objects 
under powers too liigh for the advantageous use of the Lieberkuhn, 
by employing the Objective itself as the illuminator, light being 
transmitted into it downwards from above. By Prof. H. L. Smith, 
of ,0eneva College, U.S., a pencil of light admitted from a lateral 
aperture above the objective, was rejected downwards upon the 
object through its lenses, by means of a small silver speculum placed 
on one side of its axis and cutting off a i)ortion of its aperture. By 
Messrs. Powell and Lealand,apiece of plane glass was placed at an 
finglc of 4^)^'' across a tube placed like an adapter between the Objec- 
tive and the body of the Microscope ; and whilst a j^eucil of light, 
entering at the side aperture an^l striking against this inclined 
surface, is reflected by it downwards through the objective on to 
the object, the rays proceeding upwards from the object pass up- 
wards (with some loss by reflexion) through the piano glass into 
tbo body of the Microscope. For this fixed plate of glass, Mr. K. 
Beck substituted a disk of thin glass attached to a milled-head 
(Pig. 91, b), by the rotation of which its angle may bo exactly 
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adjusted; and this is introduced by a slot (shown at f. Fig. 91, a) 
into the interior of an adajter that is interposed between the* 
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objective (c, d) and tbe noao (c) of the Microscope, The light which 
.outera at the later^ aperture (a, a) failing upon the obligue surface 
of the disk (c, h)f is reflected downwards, and is concentrated by 
the lenses of the Objective upon the object beneath. The lateral 
aperture may be provided with a diaphragm, having a series of 
apertures, for diminisliing the false light to which this met^ is 
liable ; or a screen with a small aperture may be placed at any dis^ 
tance between the lamp and the Illuminator, that is found to pro- 
duce the best effects. In using this Illuminafor, the lamp should 
be placed at a distance of about 8 inches from the aperture; and 
when the proper adjustments have been made, the image of the 
flame should bo seen upon the object. The illumination of the 
entire field, or the direction of the fight more or less to either side 
of it, can easily be managed by the intorposltion of a small Oon- 
ilensing lens placed at about the distance of its own foens from the 
lamj). I'he Objects viewed by this mode of illumination with dry- 
front objectives, are best uncovered; since, if they are covered 
with thin glass, so large a proportion of the light sent down upon 
them is reflected from the cover (especially when Objectives of large 
angle of a|)ertaro are employed) that very little is seen of the oh- 
jocts beneath, unless their reflective power is very high. With 
immersion objectives, however, covered objects may bo used ; and 
the Author has seen a more perfect resolution of diflicult tests by 
this mode of viewing them^ (first suggested by Mr. Morehouse, of 
Wayland, Nevy York) than by any other.*— Another method of 
Vertical Illumination long since devised by Mr. 'rollcjs has recently 
been brought into notice by Prof. W. A. Rogers, of Boston, U.B. 
H cOTvsist-5 in the introduction of a small rectangular prism, re- 
Hombling that of Nochet’s Binocular (a, Fig. 27), at a short distance 
l)ehmd the front combination of the Objective ; so that parallel 
rays entering its vertical end-snrfaco, pass-on between its parallel 
liorizontal surfaces, until they meet the inclined surface by which 
they are reflected downwards. In passing through the front com- 
bination of the objective, they are deflected towards its axis ; but 
as their angle of convergence is less than the angle of divergonci; 
of the rays proceeding from the object, the reflected rays will not 
meet in the focal point of the lens, but will be so distributed as to 
illuminate a sufficient area. By altering the extent to which the 
prism is pushed in, or by lifting or depressing its outer end by 
means of a milled-head screw, tbe field of illumination can be regu- 
lated. TTie working of this prism with immersion objectives is 
stated by Mr. Tolies to be peculiarly satisfactory .f 
117. Stephenson’s Safety Stage . — In examining objects with those 
higher powers which focus extremely close to the covering glass, the 
slights rt inadvertence is likely to lead to a fracture of the glafi8, and 
perhaps to the destruction of a valuable slide. This is a serious 

♦ “Joara, of Roy. Mlcrosc. Sor,” Vo!, ii pp. 101, 2(5C. 

t Ibid., Vol. iii., pp. 52<), 1 54. 



142 


AooBssony appaeatus. 


Pio, ii2. 



Safoty-bJtagc. 


matter with Moller’s Diatom Type Slide, or 
Nobert’a Test Lmes, or with many others 
that are expensive or perhaps impossible to 
replace. To remove this source of danger, 
Mr. Stephenson contrived the “safety stage,” 
shown in Fig. 92. The frame on wriich the 
slide carrying the object rests, is hinged at 
its upper part, and kept in its true position 
by slight springs, which give way directly 
the slide is pressed by the objective. It is 
found that sjirings firm enough to insure the 
steadiness required for liigh powers, may yet 
be sufficiently llcxible to give way before 
very thin glass is endangered, and a glance 
at the stsigo shows if it is made to deviate 
iron\ the normal ]K)sition in wliich its upp^^r 
and lower edges are parallel. — (See also § 54.) 


Fio. ya. 


8ection 2. trains for ihe Prcsmifofion of Objects. 

118. ^taqc-Forccps and Fov*.— For bringing under the Object- 
glass in different positions such small o[>aquo objects as can be 
conveniently held m a pair of forceps, the t^fago-Foretps (Fig. 93) 

su})plied with most 
I\Iicroscopo.s afford a 
i*eady means. These 


- arc mounted by means 
of a joint upon a pin. 
wbicli fits into a hole 
cither in the comer of 
the Stage itself or in 
the object - platform ; 



StAgo-Forerps. 


tile object is inserted by pressing the pin that projects from one of 
the blades, whereby it is sepanitcd from the other ; and the blades 
close again by tlieir own elasticity, so as to retain the object when 
the pressure is withdrawn. By sliding the wire stem which bears 
the Forceps through its socket, and by moving that socket verti- 
cally uiK)u its joint, and the joint honzontally upon the pin, the 
ob.j6ct may be brought into the field precisely in the position re- 
quired ; and it may be turned round and round, so that all sides 
^ it may be examined, by simply giving a twisting movement to 
the wire stem. The other extremity of the stem often bears a 
small brass box filled with cork, and perforated with holes in its 
side ; this affonls a secure hold to common pins, to the heads of 
which small objects can bo atta<ihed by gum, or to wliich disks of 
card, Ac., may be attached, whereon objects are mounted for bang 
viewed with the Lieberkiihn (§ 115). This method of mounting 
was formerly much in vogue, but has been less employed of late, 
sinoe the Lieborkiihn has fallen into comparative disuse.— The 



STAGE FORCEPS. —BECK’S DISK-HOLDER. 


Stage Vice, as made })y Mr. Ross for Mr. Slack, was contrived 
for the pii^ose of hoisting small hard bodies, such as Minerals, 
apt to be jerked-out by the angular motion of the blades of the 
forceps, or ve^ delicate substances that will not bear rough 
compression. In this apparatus the blades meet horizontally, and 
their movements can be regulated to a nicety with a hne screw. 
The Stage Vice fits into a plate, as is the case with Beck’s disk- 
holder, Fig. 94. 

119. i’or the examination of objects whicli cannot be conveniently 
held in the Btage-forceps, but winch can be tomjwrarily or perma- 
nently attached to disks, no means is comparable to the IHeh^ 
holder of Mr. R. Beck (Fig. 94) in rt‘gard to the facility it afifords 
for presenting them in every variety of position. The object being 
attached by gum (having a small (juantity of glycerine mixed witU 
it) or by gold-size, to the surface of a small blackened metallic 
Disk, this is fitted by a short stem projecting froiti its under surface 
into a cylindrical holder; ami the holder carrying tlm disk can be 
made to rotab* around 
a vertical axis by turn- 
ing the milled-head on 
the right, which acts 
on it by means of ti 
small chain that works 
through the horizontal 
tubular stem ; whilst 
it can be mad(^ to in- 
cline to one side or to 
the other, until its R(‘<'k‘s Di.Hk-lioldcr. 

plane becomes veriiea I, 

by turnings the wliole movement on the horizontal axis of its cylin- 
drical HOck(*t.* The supporting plate being perh)rated by a large 
aperture, the object may be illuminated ))y the Lieberkiihn if 
desired. Tlie Disks arc inserted into the holder, or are removed 
from it, by a pair of Forceps constructed for the purpose ; and they 
may be safely put away, by inserting their stems into a plate per- 
forated with holes. Several such plates, with intervening guards 
to prevent them from coming into too close apposition, may be 
packed into a small box. To the value of this little piece of 
apparatus the Author can bear the strongest testimony from his 
own experience, having found his study of the Fora/rMnifero 
greatly facilitated by it. — A less costly substitute, however, which 
answers sufficiently well for general purposes, is found in the 
Ohjeci-holder of Mr. Morris (Fig. 95), which consists of a support- 
ing plate that carries a ball-and-socket joint in its centre, into Die 
badl of which can be fitted by a tapering stem either a holder for 
small cardboard disks, or a larger holder suitable for carrying an 
ordinary slide. By the free play of the ball-and-socket joint in 

• A small pair of Forceps adapted to take up minute objects may be fitted 
into the cylindrical holder, in place of a dkk. 






ACCMSSOHY APPARATUS, 


illfferent directions, the object majr either be made to rotate, or may 
be so tilted as to be viewed obhquely or almost laterally. This 


Fio. 05. 



Morris’s OUjoct-lloMor. 


instrument cun, of course, be used only by sido-illiinjinjition ; and 
in order to turn it to the best account, tlio objects to b(? viewed by 
it must be mountenl on special disks ; but it has an advantage over 
the preceding, in being apfdicablo also to objects mounted in ordi- 
nary slides.- -'Phe same pm*po8e is answ(‘red, in tlie Ross Zentmayer 
Microscopes (§5 59, 72), and in the Improved Beck Microscope 
(§ 75), by turning the stage round its horizontal axis, so that an 
object mounted on a slide may be viewed at any desired angle of 
inclination, wlum it has been brought into the most suitable azimuth 
by tlie rotating of the Stage round its vnikal axis. 

120. (ihus Hfdqe-plate. -Every Micro8C(^])e should be furnished 
with a piece of Plate-glass, about 4* in. by 1 ^ in., to one margin of 
which tt narrow strip of gh'iss is comonted, so as to form a ledg('. 
'Phis is extremely useful, both for laying o)>jo<;t8 upon (the le<ige 
preventing them — together with their covers, if used — from sliding 
down when the Microscope is inclined), and for presoiwing the 
stage from injury by the spilling of sea-water or other salme or 
• corrosive liquids, when such are in use. Such a plate not only 

serves for the examination of tniusparenl, but also of opaqiu’ 
objects ; for if the (Jondcnsing-lens be so adjusted as to throw a 
side-light upon an object laid upon it, either the l)iaphragm-plaU‘ 
or a' Blip of blockqiaper w^ill afford a dark back-ground; whilst 
objects mounted on the small black disks suitable to the Lieber- 
kunn may convonienily rest on it, instead of being held in the Stage- 
forceps. 

12 1 . Growl tig Slale- -A numl)er of contrivances have been devis^id 
of late years, for the purpose of watching the life-histories of minute 
aquatic organisms, and of ‘ cultivating ’ such as develop and mul- 
tiply themselves in particular fluids. One of the simplest and most 
effective, that of Mr. Bottcrill, represented in Fig. tfe, — consists of 
a slip of ebonite, three inches by one, with a central aperture of 
3-4tlis of on inch at its under side ; this aperture is reduced by a 
projecting shoulder, whereon is cemented a disk of thin glass, 
which thus forms the bottom of a cell hollowed in the thickness of 
the ebemite slide. On each side of this central cell, a small lateral 
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Cell commiinicatiii;; witb it ami about 14tb lucb in diameUn*, 
drilled-ont to tlie Hanie depth ; this servos for the reception of a 

Pio. 06 . 





iJotifnll'K ( irovving-Sli<t*. 


lluiil, wliich is inmarted. as reciuiivil, t * 
I by idaeintr a tlun-glass 


xupply ol water or otluT 

the central ttp-owiri^’ cell, which is comjdetod by jdacin^ i 
s'over over the objects inlrodiKasd into it, witli the interposition (»!' 
a ring of thin })ap(‘r, or (if a greater thickness ho r(M}nin‘(l) of a 
ring of cardboard or vulcanite. If tlic fluid be introduced 
into one of the lateral colls, and be drawn-off from the others — 
sdther by the use, from lim(‘ to time, of the smiill glass Myringe to 
be hereafter (hisandht'd (§ 127}, or by threiulH so arrange*! us to pr*^ 
diice a c<tutinuoiis drip utio one 

and other — a cmi- ^ 

stantly renewed sup] )ly is fur- 7 

uished to the (omtnil <‘cll, 
wliich it enters on one Hid(‘, 
and leaves on tht‘ otluT, hy 
<‘apiUarv' attraxition.* — Dr, 

^laddojii^iirov’linj-^lulr will he 
uuderKtood from the annexed 
skebdi. The shaded parts are 
pieces of tinfoil fastened with 
shellac glue tf) a glass slide. 

The minute fungi or si)ores to 



MihMox’h Growing-Slide. 


he grown are phw^ecl on a glass cover large' (;nnngh to cover the tin* 
foil, with a droplet of the fluid required. T’his, after examination to 
see that no extraneous matter is introduced, is placed over the tin- 
foil, and the (xlges fastened with wax softened with oil, leaving frm 
the spaces xx for entrance of air. (1 rowing-slides of this description 
could be made cheaply with thin glass insteaxl of tinl'oil.t-*^ f'^or an 


• For descriptions of otlier forms of Growing-Slide, SfM' TwLUfMWjt, of 
Microsc. Hoc.” Vol. xiv. N.S. p. 34, and “Quart. Journ. of Microsc. Seionce ’’ 
XS.Vol.yh.p.ll. 

t Sec his pAper on Cultivation of Microscopic Fungi, in “ Monthly Microsc. 
doum,” YoL in. (1^570), p. H.—Br, Maddox recommends the following fluid os 
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ac^otmt of a more elaborate apj^ratue devised by Messrs* Ballin- 
ger Sct Brysdale for the prosecution of their admirable researches 
hereafter to be noticed (Chap, xi.), the reader is referred to the 
description and figures given by them in the “ Monthly Micro- 
scopical Jonrnab” Vol. xi., 1874, p. 97* 

122. Aquatic Box . — The Live-box or Animalcule-cage (Fig. 98, a) 
consists of a short pie(;e of wide brass tube, fixed perpendicularly 
into an aperture of its own diameter in a flat-plate of brass, and 
closed-in at its top by the object-tablet, a disk of glass with bevelled 
edges (n) : over tfiis box there slides a cover, consisting of another 
piece of brass tube having a disk of thin glass fixed into its to[). 
T%e cover being taken ofl'. a drop of the li<iiud to be examined, or 
any thin object which can be most advantageously looked-at in fluid, 
is pla<‘tHl U|x)n the lower ]»liite ; the cover is then slipijed over it. 

and is pressed down until 
Fio. OS. tlu‘ drop of liquid be 

spread out. or tlie object 
be llatteued, to the degree 
most convenient for obser- 
vation. If the glass disk 
which fonns tlie lid be ce- 
mented or l>u^*mshed int(» 
the brass liiig which car- 
n(‘s it, a small hole should 
be left for the escape of air 
or suj>erfluous fluid; and 
this may be closed uj) 
with a morsel of wax. if it 
he d (‘sired to prevent the 
included fluid from evapo- 
rating. But as it is desir- 
able that the C( )ver-glass 
should he thin enough to 
allow a l-4th or a 
Aqufttic Box OY Awiinalculo-Ortg', ns 8(va in iucli Objective to be em- 
iwpectivc ut A, and in section at jt and c. ployed, and as such thin 
_ ^ , glass is extremely apt to 

be broken, it is a much better plan to furnish the brass cover with 
n screw-cap, which holds the glass disk Atith sufficient firmness, 
but permits it to 1(0 readily rej)laced. It is always desirablel 




snfflciontly hygromctric to keep the spon'.s moist, and as adapte d to Funiroid 
growth ® 


I^cx^riiio gniins# 

PUosplmto of Soda and Ammonia 2 

Saturated Solution of Acetate Potasli 12 drops 

Ompe Sugar . . . * . . . 16 crams 

Frewhly Bistilled Water 1 ox. 

The water is to be boiled in a large* test-tube* or breaker for In minutes, and 
oovurad whilst boiling and cooling; when settled, it should be poured into 
l>orfoct)y clean 2-drachm stoppered botUeis, and kept for use. 
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it* posable, to prevent the liquid from spreading to the edge of the 
disk, since any objects it may contain are vory^ apt in such a case to 
be lost under the opaque ring of the cover : this is to be avoided by 
limiting the quantity of liquid intrcKluced, by laying it upon tlui 
centre of the lower plate, and by pressing down the cover with 
great caution, so as to flatten the drop equally on all sides, stopping 
short when it is spreading too close to the margin. If the Live-box 
Ijo well cf)nvstructed, and the glass disks bo quite fiat, they will 
come into such close contact, that objects of extreme thiunoss may 
be compi’essed between them; and it may thus be made, with a 
little practice, to serve the purjiose of a Compressor (§ 1*25). In its 
ordinary form, however, the elevation of the object-tablet above the 
stage prevents the Live-box from being used with the Achromatic 
Condenser or I’araboloid: but another form is made by Mr. Swift, 
in which the object-tablet is fixed at the bottom of the tube, flush with 
the surface (d' the ]datt? (as shown at r); and as the covering disk 
is fixed to the hafftmf of the cover-tube, and thus sliiles wniae the 
box-tube, the object can be illuminated by anv of the* means appli- 
cable to objects contained in ordinary Hat colls (§ 123). Tlio only 
disadvantag(' of this construction is that the cover-disk must 
fii'f'd in tlie tube which carries it. 

I2i>, InfuHoriu, minute Algae, &c., however, can be well seen by 
pla/'ing a drof> of the w^ater containing them on an ordinary slide, 
and laying a thin jnect* of (^)veririg-glasH on the top. And objects 
of somewliat greaUT tliickness can bo examined by placing a loo]> 
or ring of fine cotton-tbr<‘ad upon an ordinaiy slide, to keep the, 
cov(*ring-glaHH at a small distance from it; and the ob ject to be exam- 
ined being placed on the slide with a drop of water, the covering- 
glass is gently pressed down till it touche.s the ring. Still thicker 
objects may bo viewed in the various forms of * cells ^ hereafter to 
l)e described (§§ 171-3); and as, when the cells are filled with fluid, 
their glass covers will adhere by capillary attraction, provided the 
superfluous moisture that surrounds their edges be removed by 
blotting-paper, they will remain in place when the Microscope is 
inclined. — An AnnttUir Celly that may be used either as a ‘ live-box;’ 
or as a ‘ growing-slide,’ has lately been devised by Mr. Weber (U.S.). 
It is a slip of plate-glass of the usual size and ordinary thickness, 
out of which a circular ‘ cell ’ of 3*4th8 inch diameter is ground, in 
such a manner that its bottom is convf’.c instead of concave, its 
shallowest part being in the centre, and the deepest round the mar- 
gin. A small drop of the fluid to be examined being placed ujKui 
the central convexity (the highest part of which should be almost 
flush with the general surface of the plate), and the thin-glass cover 
being placed upon it, the drop spreads itself out in a thin film, with- 
out finding its way into the deep furrow around it ; and thus it 
kolds-on the covering-glass by capillary attraction, while the fur- 
row serves as an air-chamber. If the cover be cemented down by 
a ring of gold-size or dammar, so that the evaporation of the fluid sk 
prevented, either Animal or Vegetable life may thus be maintained 

h 2 
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im some days, or, if iEe two should be balanced (as in on Aqua- 
riuni^, for some weeks.’• **' — ^An improvement has been devised by 
Br, B^munds in the form of this Annular Cell ; which he also 
mak^s to serve as a ‘ gas-chamber ’ for the introduction of gases or 
vapours into the annular space. The central prominence is shaped 
as a truncated paraboloid ; and while, by focussing in the object a 
2-inch objective used as a condenser, a bright field is obtained, this 
may be exchanged for a dark field by putting the condenser out of 
focus (so that its light is thrown on the sides of the paraboloid), and 
by gumming a blacls: disk on the centre of its under surface. A 
straight groove being cut iu the slide, parallel to its long side, and 
tangentially to the annular groove which it should equal in depth, 
two fine glass tubes are cemented in it ; one of them, wliich is lelt 
projecting beyond the end of the slide, being connected with a slendi'v 
elastic tube through which gases or vapours may be projected into 
the annular space, while the other serves to convey them away.f 
124. Zoophyte Trough .— the examination of larger acpiatic 
Animals or Plants under low or moderate powers ; recourse may 
he advantageously hod either to the original Zoophyte-t rough (»i 
Mr. Lister (which is still kejdon sale by most Makers), or to alorin 
lately devised by Mr. Bottcrill, which has several advantages over 
the older one. This consists of two plates of vulcanite, a back and 
a front, shaped as in dig. connected together by three Ijrass 
screws ; these, being fixed in the back pbites, pass throngli the front, 
where their projecting ends are furnished with Hinall milled-hea^ls. 
Between these plates are two rectiingular plates of glass, (_-ntto sucb 
a length as to lie between the two sido-sevews of tlie vidcauite 
plates, and having such a breadth that while their lowio- edges rest on 
the bottom-screw, their upj>er are ilush with tlie top of flie vulcanite 
tlisks. The glass plates are kept apart l>y a half-ring (/f vulcanized 


I'm. 1)9. 



Jiutte rill’s Zoophyte Trough. 


mdia-rubber, of such a diameter as to lie just outside the semicir- 
oular margin of the vulcanite plates ; an<l they thus form the sides 

• Joam. Boy. Microsc. Society,” Vol. ii. (1871^), p. oo. 

f VoL ill (1880), p. 085. — This Parabolize/, is made by 
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luid bottom of a trough, which is made water-tight by a moderate 
pressure exerted by tumiug the milled-heads. The space between 
the two glass plates may be varied by using half-rings of different 
thicknesses ; whilst, if it be desired to use a higher power than will 
work through ordinary glass, a front plate of thin glass may be 
Hubstituted, - One great advantage of this arrangement is the 
facility with which the pieces composing it may be taken apart, 
fither for cleaning or for the rej)air of a fracture — an accident to 
which the use of thin glass of course renders it specially liable, 

12b. Comprcf^nor . — 'the purpose of this iustnniient is to apply a 
gradual j)ressure to objects whose structure cau only be made out 
when they are thinned by extension, while their organization is so 
delicate as to ])e confused or altogether destroyed by the slightest 
excess of ])ressuiv. .For the examination of such, an instniment in 
wliich the degr(‘(' of compression can be regulated ^vitb precision is 
almost indispensable. 'File Ctmipressorium represented in Fig. 100 
was originally devised by Seliick of Ihwlin ; wnilst its details wen* 


rio. 100. 



uiodifte<l by M. df QuatrofafjcH, wlio (^onKtautly employed il in W« 
elaborate and most successiui researches on the organization oi tue 
Marine Worms. Being, however, dofioient in any provision tor 
securing the parallelism of the approximated surfacoB, it has been 
sutw*rseded by other forms devised expressly with that view.-™ln 
improot'd Coniprcinfor, shown in Fig. lOl, the npjier plaw Ij 
is attached to a slide that works between grooyeH in the vortical 
piece f, so that, when raised or lowered by the milled -head, it always 
maintains its parallelism to the lower plate a. d'he thin giaSB 
curried by the upper plate n (which can be turned aside on a swivel 
joint, as shown in the lower figure) is a sqnarfi that shdes into 
grooves on its under side, so as to be easily replaced if broken. 
The glass to which it is opposed is a circular disk 
shallow socket in plate a, which is received inbi a part of tne 
lower plate a that is sunk below the rest. The plate a carrying 
the lower glass can be drawn out (as shown in the lower hgu^) 
and laid upon the Dissecting Microscope, to be replaced in ^ 
Compressorium after the object has been prepared * 

sion. The ouly drawback to the use of this instrament ««« 
iuconvenience of using it in the reversed position so as a 

the object from its under side.— This reversion ^ 

the two forms of the instrument made by Messrs, Beck, whic at*e 
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shown in Figs. 102, 104. In both, the upper and the lower glasses 
are fixed, upon a plan devised by Mr. Slack, by means of flat-headed 

screws, two to each glass 


Fig. 101. 



lloss'h Jnipruvod (’oinprfSMir. 


(Fig. 103, a), the heads fit- 
ting into holes of the op}) 08 ite 
frame, so as to permit the 
close approximation ol' the 
two glass surfaces. In their 
TnralM Plate ConiprenKitr 
(Fig. 102) the constant paral- 
lelism of the two jdates is st'- 
(uired ])y the two parallel 
bars, e, a ; while the degree 
of their approximation and 
])reasurt is regulated by the 
screw /^ wliich works out ol 
centre in a conical hole of 
th(' lower Innnc. so that, the 
further it is introduced, the 
more elos(‘]y th(' two frames, 
v\'ith their glasses, ar(‘ a])* 
jjroxiuiated, I'his pattern 
works ecpiallv well whichever 
side is np])ennost. In th(‘ 
finua'sihh' Cell ( ot‘ 

the same makers (Figs. 1(J3 it. 
104) the u]>per glass is held 
dow'ii hy a ring (f, which 
lower one, giving any degree of 


Kcrews-on to that whch boars tb 
pi^essure that may be retpiired. When screwed together, they form 

Fio. 102. 






Beck's Fumllel Plato Gt'mpressoriuni. 


a cell that fits into the plate h, anti is attached to it hy the mille<l- 
hcadc; by unscrewing which the cell can be instantly detached 
and replaced in a reverse po.sition. — In all these Compressors, it 
k easy to vary the thickness of the glass x^dthin convement limits ; 
and die observer should be always provided with a stock of glass 
slips and disks of the requisite sizes and of different thicknesses, 
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mutable to the kind of investigation lie may be poseo.uting. As thin 
glasses, when used for eompression, aa’e very liable to fractiuT, the 


Fig. loa, 

A 1) 



Btnk's Iv'vorsiblt! (’ell (’tnnpressoriuiu. 


power ol iinineiliately them withont tlu‘ eiu])h)}'meut ol 

cement (as in Mr. Slack's (‘onstriictiou) is a great eonvenienec. 

120. pijtjtinK An every ojjeration in which small quantities 

of liquid, or small objects ^c<>iitained in li(|uid. have to bo dealt 
with by the Micrqseojnst, hi^ will find it a vt;ry gnait convejuonce 
t(^) bo provided with a set of 'Tub^is of thi^ forms re])rc!sented in 
Fig. lOo, but of somewhat larger dimensions, 'flieso worn formerly 
designatod as ‘lishiiig tubes;’ the purpoH(' for which they w(ire 
originally devised having lieeii the fishing-out cd' Water-tieas, U/qnatic 
Insect-lurvm. the largt^r Animalcules, or other living objects distin- 
guishable eitluir by tlu^ unaided eye or by the assistance of a mag- 
nifying-glasH, from the vessels that may contain them. But they 
are equally ajqilicahle, of course, to the selection of minnte Flants; 
and they may be turned to many other no Ic.ss useful purposes, 
some of which Avill be sj>ecified hereafter. — When it ia desired to 
secure an olijoct which can be seen either with the eye alone or 
with a magnitying-glass, one of these tuixis is jiasscd down into 
the liquid, its upper orifice having been previously closed by th<‘ 
forefinger, until its lower orifice is immediately above the object; 
the finger being then removed, the li(iuid suddenly rises into th<! 
tube, probably carrying the object up with it; and if this is seen to 
be the case, b;y putting the finger again on the top of the tube, its 
cou^nts remain in it when the tube is lifted out, and may be de- 
posited on a slip of glass, or on the lower disk of the Aquatic-box, or, 
if too copious for either receptacle, may be discharged into a laxge 
l^lass ceil (Fig. 120). In thus fishing in jars for any but minute ob- 
jects, it will lie generally found convenient to employ the open- 
mouthed tube c ; those with smaller orifices, n, c;, being employed 
for * fishing ’ for Animalcules, &c., in small bottles or tiilies, or for 
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selecting mimite objects from tlie cell into which tlie water taken 
np by the tube a has been discharged. It will be found very con- 
venient to have the tops of these last blown 
Fig. 100. small funnels, which shall be covered with 

P 0 thin sheet India-rubber ; for their action (like 
^ n m stopper of the Dropping-bottle, 

I Fig. 1118) can then be regulated with the greatest 
j nicety by the pressure of the linger. 

12?. ulaas Syringe.- In dealing with ininiite 
Aquatic objects, and in a great variety of 
other manipulations, a small 
j , Fio. lOG. (ilass Syringe of the pattern 

represented m Fig. 10(), and 
of about double the dirnen- 
sions, will be found ex- 
I I ) tremely (jonvenient. When 

/ J this is firmly liekl between 
the fore and middle lingers, 
and the thumb is inserted 
into the ilng at tlie summit 
il5 of tluj ])iston-ro(], such com- 

])lete eomnumd is gained over 
I tlie piston, that its motion 

ijiay be n^gulatod with the 
I greatest nicety : and thus 

I : minute quantities of fluid 

may be removed or added, in 
I the various operations which 

I have to be performed in the 

: 3 >reparution and mounting of 

i Objects (Ohap. v.); or any 

minute object may l>e selected 
(by the aid of the simi^le Mi- 
I I <‘rosGop<g if necessary) from 

\ J j \ ff amongst a number in the 

\ \ f \i same drop, and ti’ansf erred 

\\ [ j \V to a separate slip. A set of 

^ such Syringes, with points 

Binuimr TnU's. (dass Syringe. drawn to different degrees of 

linenosH, and bent to different 
curvatures, will lie found to bo among the most useful ‘ tools’ that 
the working Microscopist can have at his command. 

128. Foirepit , — Another instrument so indispensable to the Micro- 
scopist as to be commonly considered an api>endage to the Micro- 
scojie, is the Forceps for taking up minute objects ; many forms 
of this have been devised, of which one of the most convenient 


Biuulmr TnU's. 


is rejpresented in Fig. 107, of something less than the actual size. 
As the forceps, in Marine researches, have continually to be plunged 
into sea-water, it is better that they should b{* made of hmm or of 




FORCEPS. 




(/oriiiaii silver than of steel, since the latter rusts far more readily; 
and as they are not intended (like Dissecting-forceps) to take a tim 


Fio. 107. 



grasj) ol‘ the object, but merely to hold it, they may b(i made very 
light, and their spring-portion slender. As it is essential, however, 
to their utility, tliat their points should meet accurately, it is well 
that one oi the blades should be furnished with a guide-pin ])assiug 
lhv(mgh a hole in the other. 

The foregoing constitute, it is helioved, all the most important 
pieces of Apparatus which can he considered in the light of Acces* 
sories to the JVlicroscope. Those which have been contrived to 
afford facilities for the pre}>aratiou and mounting of Objects, will 
described in a future chaiiter (Chap. v.). And the simple and 
elticicnt substitute which trie Author has been accustomed to use 
for the Frog-l^late thought essential by many Microscopists, will Iwi 
describ(‘d in Chap. under the head of Circulation ol the Blood. 
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M.iNAGEMENT OF THE MICROSCOPE. 

129. Table . — 'rho M’ablo on which the Microscope is phu'c'd when 
in WHO, should ]>c one whose size eualdes it also to reitcivc tlie 
various a]^)pni*tcnane,eH which the observer finds it convenient to 
liave within his reach, and whose steadiness is such as to allow' ot 
liis anns being nvsted n[>on it without any yielding; it should, 
moreover, be so trained, as to be as free as possible from any ten- 
dency to transniit the vilirations of the building or tif)or whereon 
it stands, llie. working Microscopist will find it a iiiatv.er of great 
convenienc(i to have* a l\ihle specially set apart for his use, furnished 
with drawers, in which are contained the various A 'cesHories he 
may require for the jireparation and mounting of o]»jeets. If lu^ 
should desire to carry ahout wdth liiin all the a])})aratu.s he may 
need for the prosecution of his investigations in ditierent loc*ali- 
ties, and for the mounting of his jirejiarations on th<> sj)ot. he will 
tind it very convenient to provide himself with a small (Cabinet, 
fitted with drawers in which every requisite can be securely packed, 
and of gu(fh a height, that, when laid u|K)n an ordinary table, it 
may bring ii]) the Qiiekett or other Dissecting Microscope* placed 
upon it to the position most convenient for use.* —If the iMicro.scope 
be one which is not very readily taken out from and put back into 
its case, it is very convenient to cover it witli a large bell-glass ; 
wliich may Iki so suspended from the ceiling, by a cord carrying a 
■counterpoise at its other end, as to he raised or lowered with the 
least jKissible trouble, aud to be entirely out of the way when tht* 
Microscoi>e is in use. Similar but smaller bell-glasses (wine-glasses 
whose stems have been broken answer very well) are also nseful for 
the protection of objects whi(!h are in course of being examined or 
prepared, and which it is desirable to seclude from dust. — For the 
purpose of Demonstration in the Lecture-room, a small traversing 
Platform may be constructed to run easily njxin roller. s, and t^) 

• The dimensions of the Cabinet whioli tlie Author ha.s had coustnietcd for 
himself (its size being so adapted to that of the box of his tVoueh's Bino«m]«r 
that the two are n'ctnved into the same travelling-ease) ore 14 inches long. 
7 inches broad, aud 4^ inches higk In the middle there are five shallow 
dmwei’S, 6 inches broad, coutiining dissecting apparatus, lai*ge flat cells, glass- 
covers, syringes, &c. ; on one side an' two drawers, each ^ inches broad, tht* 
upper one, containing slides, cells, &c., i*ttthcr more than one inch deep inside, 
the lowtir, for laiger pieces of apparatiia 2 inches deep ; on the other side is a 
single drawer of the same breadth and 8^ inches deep, for bottles containing 
cements, &c. 
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carry the Alicroacope and Lamp securely clamped down upon it, so 
4is to be passed trom one observer to another. For Demonstration 
t<3 a small party sitting round a circular table, it is covenient to 
employ a platform, the vertical angle of which is pivoted 

to a weight placed in the centre of the table, whilst the angles at 
the base are supported upon castors, so that the platform may run 
round to each observer in succession. Or the table itself, if not too 
large, may rotate (like a dumb-waiter) upon its central pillar, as 
made by Messrs. Heck. 

1^10. IjhfJii . — Whatever may be the purposes to which the Micro- 
scope is a})})lied, it is a matter of the lirst importance to secure a 
]>ure and adocpiate Illumination. For the exaniiiiation of the 
greater proportion of objects, f/oot/ daijlujlit is to be ])referrcd to any 
other kind of light; but (joud lamjdiffht is ]>r(d’crable to bad day- 
light, especially for the illumination of opaqin' objects. Wheu 
tlaylight is employed, IIh* Microscopes sbould be placed near a win- 
<low, whose as}>ect should he (as nearly as may be convenient^ 
ttpponifo to (he side on which the sun is shining ; for the light ol 
tile sun rollectcsl irom a bright eloiul is that which the ex])eneuced 
.Microscopist will almost always preb^r, the rays proceeding from a 
eioudless bliu? sky Ixn'ng by no imuns so wcdl-litted for his pur])Ose, 
and the dull lurid reflection of a dark cloud being the worst of all. 
'(’he dirert light of the Sun is far too powerful to be ordinarily 
used wdth advantage, unless its int<»nsity be moderated, either bv 
rellection from a j)laster oT I’aris mirror, or by ])a8Kage through 
some ‘ Modifier ’ (§ lOb) ; it is, h()W(3ver, occasionally used by some 
observ’^ers to worK out intricate markings or fine colour, and 
may sometimes be of advantage for these purposes, but without 
great can* wcmld bo a feidile source of error, -'riio young Micro- 
scopist is (‘arnestly recommended to make as much use ot daylight 
as possible ; not only because, in a large number of cases, the view 
of the object which it atfords is more satisfactory than that which 
can be obtained by any kind of lamplight, but also because it is 
much less trying to the eyes. So great, indeed, is the diticrence 
between the two in this respect, that there are many who find 
themselves unable to carry-on their observations for any length of 
time by lamplight, although they experience neither fatigue nor 
strain from many hours’ continuous work by daylight. Fven 
ordinary daylight may be considerably improved by the inter- 
j)Osition of a glass globe of about six inches in diameter, filled with 
water ; and tlii.s may also be advantageously used for the illumina- 
tion of transparent objects by lamp-light, if the water bo vmuj 
HIghili/ tingtsl with ammonio-sulphate of copper, which takes off the 
yellow glare. ... ♦ * 

131. Laynps , — When recourse is hud to Artificial light, it w 
essential, not only that it should be of good rjuality, but that the 
arrangement for furnishing it should bo suitable to the special 
wants of the Microscopist. The most useful light for ordinary use 
is that furnished by the steady and constant flame of a flat- wicked 
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Lamp^ fed with one of the l>e8t varieties of Paraffin oil. Tide (with 
its chimney-shade) should be bo mounted on a stem risinff from a 
secure base, as to be capable of adjustment to any height above the 
table ; and on the same stem should also slide a telescope-arm 
having a bull’s-eye condenser attached to it by a ball-and-socket 
joint, in such a manner as to be adjustable in any position in 
regard to the flame, and at the same time to be carri(d upwards or 
downwards with the* lamp — an arrangement originally devised by 
Mr, Bo(;kett (Pig. 108). It is preferable, however, to surround the 
glass chimney by a cylinder of porcelain, having a large aperture 
on one side for tiie passage of tlie light; and this may be advan- 
tiigeously bluekeiied on the outside, con- 
tracted above into a cone, and furnished 
with a shad(‘ over the aperture (as in Mr. 
Swift’s construction, Pig. 109), so that as 
little light us j)o.ssible may entt^r the eye of 
the observer, exeej)! that which proceeds 
from the object. I’lie lam]) should bo so 
hung as to be capable of being rotated on 
its own vertical axis ; so that either the 
whole breadth of the flame, or its edge 
only, may be turned towards the inirrm’ 
or cond(‘iiser, according as diffused or con- 
centrat(Hl light is rc<iuired. In Mr. Swift’s 
Lamp (Pig. IIU), the Buirs-eycis mounted 
on a so])aratt‘ stem, ca]>able both of ver- 
tical elevation and of horizontal adjust- 
ment, which ris(‘s from one end of an arm 
that is pivoted beneath the base of the 
brass cylinder that carries the lamp ; and 
from the other end of this arm there rises 
a second stem, carrying a sjieculum, from 
which additional light may be reflected 
wlien desired. By rotating this arm on 
its pivot, the speculum and condenser 
as to direct the full power of the flame 
wherever it may be required ; an arrangement especially convenient 
for the illumination of o]>aque objects. — As it is ofttui found ex- 
tremely difficult to obtain an exact centering of the illuminating 
beam, when very high powers are employed, by mere hand-sliiftings 
of the lamp and its condenser, Messrs. Dallinger and Drysdale, in 
the admiradile investigations of whose results a summary will be 
given hereafter (Chap, xi.), have found great advantage from the 
use of a Lamp mounted on a base to which a traversing horizontal 
movement can be given in any direction by rectangular screws, 
and furnished with an upright standard carrying two racks, on 
which the lamp itself and the bull’s-eye condenser can be separately 
raised or lowered by milled-head pinions. By this more exa<^ 
me^od of adjustment, the observer is able, after a little experience 
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Dockott Lamp. 


are shifted together, sti 




(’bininoy and Sliudc of Swlfl s 
MiiToscopo-Lanii). 

i:»2. Fosilion of ilo> J/ojht. 

When the Microscope is used 
hy daylight, it will usually he 
found most convenient to place 
it in such a manner tliat the 
light shall he at the left hand 
of the observer. It is most im- 
jwrtant that no light should 
enter his eye, save that which 
comes to it thnnigh the Micro- MioromMjjje-hamp. 

Hcopci ; and the access of direct . • ^ i • i- + 

light can scarcely he avoided, when he sits with , 

+w« rif fiir. widow It, in Tuore convenient to nave the 


the light. Of the two sideH. it is more convenient 

liirht on the Icfi ; tirHt. bocanse it in not interfered with by tne 

ril/ht hand, when this is emnloved in giving the requisite ir 


right hand, when this is employt4 in givmg the requisite * 
tion to the mirror, or in adjiinting the illuminating apiiaratnu , 

• Sec “ Monthly Microsc. Jouni.,” Vol. xv. (187C), p. f ^ 

given by (hesc excellent observers for centering the ’"“"111' 1 ™- 

too long for citation, snob ns desire to profit by tlieir cxpintnce 
it» results from their ow account of them. 
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and secondly, because, as most persons in using a Monocular 
Microscope employ tbe right eye rather than the left, the projection 
of the nose serves to cut off those lateral rays, which, when the 
light comes from the right side, glance between the eye and the 
eye-piece. The mde-nlLados fitted by Mr. Collins to the eye-pieces 
of his Harley Binocular (Fig. 49) may be advaiitiigeously employed 
with every instrument of that class. — When Artificial light is em- 
ployed, the same g(‘neTal precjautious should be taken. The Lam]> 
should always be phased on tbe left side, unless some s]>echil reason 
exist for placing it otherwise ; and if the Object under examination 
be tranHjumvf, tbe laTuj> sliould b<‘ phua’d at a distance from tbe 
eye about midway btdweenthat of tin* stage and that of the mirror. 
In the examination of objeets of tlie greatest delicacy an<l difficulty, 
however, in which it is important to get rid of th<3 reflection from 
the front surface of tin* IMirror, a rectangular Prism slionld be sub- 
wtituted for it, when the conditions of the obst^rvation necossitati* 
the use of the Mierosc'ofx* in the vertical position ; but when the 
instrument can be incliia'd, the Lamp may l)e most advantageously 
placed in t!u* axis of the Achromatic < 'ondenser or other Illuminator. 
HO that its light may Im* traiismithnl to the Object without inter- 
mediate reflexion. If, on the other hand, the ( )bj(*et be npdqne, the 
Lampshcmld be at a distance about midwa y behind the eye and tin* 
stage ; so that its light may fall on the object at an angle of about, 
45^^ with the axis of the Microseoi)e.- {rin* passage of direct rays 
from the flame to the eye should be guar<h‘d against by tbe inter- 
position of tlie lamp-ahaiie ; and no more light should l>c diffused 
through the apartment, than is absolutely m‘eessarv for other 
purj>08e8. If ol)Kei*vations of a veiT delirate nature are being ma<ie. 
it is desirable, alike by daylight and by lamj)light. to exclude all 
lateral rays from the eye as completely as possible ; and this may 
bo readily accorajjlivshtvl by means of a shatlo made like the upper 
part of a Mask, and lined with black cloth or x civet, whitdi should 
be fixed on the ocular end of the Microscop*. 

inn. Care of fhe A7vcs.-- Although most l^licroscoplsts who 
babitually work with the Monocular mieroscopt* ac<juire a habit ol 
omplo^’ing only one eye (generally the right), yet it will be dceideilly 
adviinWgeoiis to the beginner that he should learn to use either eye 
indifferently ; since by employing and resting each alternately, he 
may work much longer without incurring unpleasant or injurious 
fatigue, than when he always employs the same. — Whether or not 
ho do this, he will find it of great importance to acy[uire the habit 
of hemniiq open the 'nnonplmjed njr. This, to such as arc nnaccus- 
tomed to it, seems at first very embarrassing, on account of the 
interference with the microscopic image, which is occasioned by the 
picture of surrounding objects formed upon the retina of the second 
eye ; but the habit of restricting the attention to that impression 
oily which is received through the microscopic eye, may generaU^*^ 
be soon acquired ; and when it has once been form^, all difficulty 
ceases. Those who find it unusually difficult to actjuire this habit. 
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may do well to learn it in tlio first instance with the assistance of 
the shade just described ; the employment of which will permit the 
second eye to be kept open without any confusion. — So much 
advantage, however, is derived from the use of tlic Binocular 
un’angement, either stereoscopic or uon-stereoscopic,that the Author 
would strongly recommend its use to every observer, save in cases 
of exceptiomil difficulty. There can ])c no doubt that the habitual 
use of the Microscope, for many hours together, especially by lamp* 
light, and with high magnifying powers, has a great tendency 
injure the sight. Every Microscopist who thus occii]>io8 himself, 
therefore, will dt> well, as he values his eyes, not merely to adopt the 
various precautionary measures already s])ecified, luit rigorously to 
ke(‘]> to the simple rule of noi conthmuKj to olnryoo auy /ouyer thmi 
h<‘ (‘oo ilo so unihont fotiync* 

BU. i'oi'o ([f ilo‘ ^firrottropc. — Before the Microscope is brought 
into use, the clefiuliuess and drynoss of its glasses ought to be- 
ascortaiiied. If dust or moisture shouM have settled on the Mirror, 
this can be readily wiped off. If any spots should show them- 
selves oil tile held of view', w'heu it is illuminated by the mirror, 
these are )>rol)abIy due to jiartieles adhereut to om; of the lenses of 
tlH‘ Eye*pie(;(‘ : and this may lie diitermiuod by turning the oye- 
)uec(‘ round, w'ldcli will causi* the sjiois also to rotate, if their HOUrc(‘ 
lies in it. It may very ])robably be sufficient to wipe the upper 
surlime of the eye-glass (by removing its cap), and the lower surface 
of the hold-glass ; but if, afbu' this has been dom*, the spots should 
still jireseut iheniselves, it will be necessary to unscrew the lenses 
from their sockets, and to w'ij)c their inm^r surfaces ; taking can* 
to screw th('m firmly into their places again, and not to confuse the 
lenses of different eye-]»ieces. Sometimes the oyc-glass is obscured 
ly dust of extreme hiieness, which may be carried off by a smart. 

of breath ; th(3 vapour which then remains uj)ou the surface 
being readily dissipatcMl by rapidly moving the glass backwards 
and forwards a few times through the air. And it is always 
desirable to try this jdau in the first instance; since, however soft 
the substance with which the glasses are wiped, their polish is 
impaired in the end by the too frequent repetition of the process, 
I’he best material for wijiing glass is a piece of soft wash-leather, 
from which the dust it generally contains has been well beaten 
out.-- If tlie Object-glasses be carefully handled, and kept in their 

* The Audjor nttribatcB to Ih'b rigorous obHcrvancc of the al)ovo rule hi» 
outire fref'doni from Juiy iiijurion.s ,'iffoction of his visual organs, uotwitb- 
Htanding that, of the wholi^ amount of Microseopic Btudy which ho has prose- 
cuted for forty-live years past, a largo proportion has been ncoeSBarily carried 
<m Iw Artificial light, most of his daylight hours having been occupied in otlier 
ways. He has found tfio Icijgth of time during which he can ‘ microscopize ’ 
without the sense of fatigue, to vary greatly at different perJod« ; half-aa-hour'» 
worklwing sometimes sufficient to induce discomfort, whilfit on other occasions 
none has been left by three or four hours* almost continuous use of the instru- 
ment — ^his power of visual endurance being usually in relation to the rigour of 
his general system. 
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boxes when not in nse, they will not be likely to require cleansin*^. 
One of the chief dangers, however, to which they arc liable in the 
hands of an inexx>ericn<:ed Microscopist, arises from the neglect of 
precaution in using them with fluids; which, when allowal to 
come in contact wtih the surface of the outer glass, should be 
wiped off as soon as possible. In screwing and unscrewing them, 
great care should he taken to keep the glasses at a distance from 
the surface of the hands; since they are liable not only to bt‘ 
soiled by actual contact, but to be dimmed }>y the va]>or(>ns exha- 
lation from skin which they do not touch. This dinmesw will Is* 
best dissipatxid by moving the glass (piickly through the air. It 
will sometimes he found, on bolding an Object-glass to the light, 
that particles either of ordinary <luKt, or more often ol' the bhndv 
coating of the interior of the MirToscope, have settled upon thi? 
surface of its })aekdens ; these arc best rcnujvedby a clean and dry 
caraers-hair jHmeil, If any clondiuess or dust should still present 
itself in an objoct-ghiHS, alter its front and ]>aek suidVes have been 
carefully cleansed, it should be sent to the maker (if it he of 
English manufaetund to be taken to pieces, as the amateur will 
seldom fiuc(ieed iii doing this without injury to the work ; the 
foreign combinations, however, being usmilly jmt t^)getlu*r in a 
simpier'manner, may be readily nnserewed. {detmsed. and screwed 
together again. Not unFre<iuently an ol>jective is rendered dim })y 
the cracking of the cement oy which the lenses are nnitfsl. or ])y 
the inHinnation of moisture between them ; this last defe(*t occa,- 
Hionally arises from a fault in the (piaiity of the glass, whitdi is 
technically said to ‘ sweat.’ in neither ol these cas<.‘s has the 
Microscopist any resonrct*, save in an Optician experiemted in this 
kind of work ; simu' his own att(>mpt.s to remedy the detect are ])r(*tty 
sure to 1)0 attemh'd with more injury than benefit. 

1555, (kmrnd of tho Microsenpo for T"Hr\- ’The 

inclined position of the instrument, alrcfidy so freqinmtly referred 
to, is that in which observation by it m;iy be so much more advan- 
tageously carrio(l-on than in any other, that recourse should always 
l)e had to it, unless ])articnlar circumstances render it unHuitable, 
The precise inclination that may prove to be most convenient 
win depend uj>on the ‘ build * of the Microscope, upon the height 
erf the observer’s seat as compared witli that of the table on which 
the instrument rests, and lastly, upon the sitting-height of th(* 
individual; and it must be determined in ea<di case by his own 
experience of wliut suits him best — that w'hich he finds 'nwni 
e&ir^ortahh being that in which he will bo able not only to work 
the longest, but to see most distinctly. — The selection of the 
Objectives and Eye-pieces to be employed must be entirely deter- 
mined by the character of the object. Large objects presenting 
no minute atmctural features should always he examined in the 
first instance by the hnoeBt powers, whereby a ^neral view of 
their nature is obtained ; and since, with lenses of comparatively 
long focus and small angle of aperture, the preidsion of the focal 
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adjustment is not of so much consequence as it is with the higher 
pi)wers, not only those parts can be seen which are exactly in 
focus, but those also can be tolerably well distinguishiHl which 
are not precisely in that plane, but are a little nearer or more 
remote. When the general aspect of an olqect has bt'eii sufficiently 
examined through low powers, its <letail.s may he scrutinized under 
a, higher amplitication ; and this will bt' required in the hrst 
instance, if the ohj(H*t be so minute that little or nothing can be 
made out respecting it save when a very enlarged image is forme<i. 
The power neinled in each particular case can only be learned by 
experience; that which is most suitable for tin* several classes of 
objects hereafter to be «loscri)H‘(l, will 1)0 sjiociHcd umhn’ each head. 
In the general examination of the larger class of objects, tht' 
range of power that is aifordt'd by Zeiss's Adjustable bow-power 
Objective (§ 15!h 1.) will often be found useful ; wliilst for the rofuly 
exciiaugo of a low power for a higher one, gr(‘at convenience is 
afforded by the Nose-pie(;o Ihi). 

136. Wlien the Micr<»scopist wislies to augment liis magnifying 
pow(*r, he has a choice between the emjdoymont of an Objective of 
shorter locus, and the use of a deejHU* Eyc-pie<‘e. If he possess a 
com])lete series of Objectives, he will frequently lind it best to sub- 
stitute one of thes(‘ for another without changing the Eye-piece for 
a dee|>(‘r one; but if his ‘powers * be separated by wide intervals, 
he will be abl(^ to break tlie abruptness of the increase in ampliti- 
cation which they producer by using each Objective first with the 
shallower and then with the decqjer Eyo-]>iece. 'rims, if a Micro- 
scoiM? be ])rovided only with two Objectives of 1-inch and l-4tli 
iucii focus respectively, an<l with two Kye-pie(*es, one nearly double 
the power of the other, such a range as the following may 1 k» 
obtamed— 60, Oo, 240, 360 diameters; or, with two (Ibjectives 
of somewhat shorter focus, and with deeper Eye-pieces (as in some 
French and Oennan instruments) — B8, 176, 350, 700 diameters. 
In the examinaU^ of large Opaque objects having uneven sur- 
faegs, it is gen preferable to inc.rease Die power by the Eye- 
raster tMhe Objective ; thus a nK)re satisfactory view 
of such objecti^ually Ije obtained with a 3-inch or 2-mcli 
Objective and my e-piece, than with a IJ-inch or 1-inch 
Objective and fjjp-picce. The reason of this is, that in 
virtue of their slTgfc of Ajierturo, the ( Ibjcctives first named 
have a much ^mount of ‘penetrating power* or ‘focal 
depth* than thQ'§ 158, i.); and in the case just specified 
this miality ine first importance. The use of the Draw- 
tube (§ S3) enabjdicroscopist still further to vary the mag- 
nifying power otstrument, and thus to obtain almost any 
exa^ number of ters he may desire, within the limits to 
which he is restrichlim focal length of his Objectives. The 
advantage to be deriiwever, either from ‘ deep Eye-piecing * 
or from the use of tW^nbe, will mainly depena upon the 
quality of the Object-gFrY» imperfectly corrected, its 
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OTOTS are so mucb exaggerated, that more is lost in definition than 
is pitied in amplification ; whilst, if its apertures be small, the loss 
of fight is an equally serious drawback. On the other hand, an 
Objective of p.rfect correction and adequate angle of aperture 
will sustain this treatment with so little impairment in the perfec- 
tion of its image, that a magnifying power may be obtained by its 
use, such as, with an inferior instrument, can only be derived from 
an Objective of nmeh shorter focus combined with a hIiuJIgw Eye- 
pi(sce. — The Author thinks it a great mistake, however, t<j attempt 
to make on fJbjective of iwtViuDi ])ower orcUnarilj do the work on 
which an Objective of hi^jh power slioiihl properly ha em])loyed. 
For not only can it not be bronglii nj* to this without such an in- 
crease of itw angle of aperture as nutits it for its own proper work, 
but the ‘deep eye-piecing' recpiired cannot ))e had recourse to 
habitually without ex]>osing the eyes to 8e\L’re overstrain. The 
advantage of loir Kye-pieces and (Icrp Objectives, as compared with 
fhe^) Eye-pieces and me; Objectives, has been very well put by 
likening it to the ('omibrt of reading hinje print without spectacles, 
or with sp(*cbiclos suited to the sight, and reading ])rint with 
a magnifyiug-gliisH. 

1M7. Ill making the l"i)rid Adjani mad, when low jKnvers are 
used, it will scarcely ])e necessary to i*m])loy any but the eoarnr 
(UijuHimenf, or ‘ cpilck motion ; ’ provided tliat the ra(*k be well 
cut, the pinion work in it smoothly an<l easily, witlnmt either 
* spring,* ‘ loss of time,’ or ‘ twist,' and the milled-head be large 
enough to give the recpiisib' leverage. All these are requisites 
whioli should Ik> found lu every well-constructed instrument ; and 
its possession of them .should be tested, like its freedom from 
vibration, by the use of high powers, sinct^ a really good coars(‘ 
adjustment should enable the ohserver to ‘focus’ an ()bjective of 
l-8th inch with precision. — What is meant by ‘spring’ is the 
a}teratiou which may often be observed to take phw;;e on the with- 
drawal of the hand ; the object which has been^’^'rouglit precisely 
into focus, and which so remains as long a‘ rAdlcd^bcuvd is 
between the fingers, becoming indistinct wh/ ^milled-head is 
let go. 'Hie source of this fault may lie ^uhe rack-move- 
ment itself, or in the general framing of ^]^^ent, which is 

m weak as to allow of displacement by ^^-^^^^ight or pressure 

of the hand : should the latter be the eiudi ^ 

great degree preveub^dby carefully whi ^ hvarunj on the 

mdied-hea^’ , which should be simpily redafa oen the fingers. — 
By * loss of time ’ is meant the want of sufiici^^ b readine-ss in the 
atmoii of the pinion ui>on the rack, so that Fj^”uilled-head may lie 
moved slightly in either direction withou^^^ecting the body ; 
thus occasioning a great diminution in sensitiveness of the 
adiustmeht. fault may somet^es A ^tect^ in Microscopes 

of the best original constniction, which i^adually worked loose 
owing to tlie constancy with ’«^hi^ / ^ have been in employ- 
ment; and it may often be coirec^r ^ ’ htening the screws that 
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bring the pinion to )>ear against the rack. —And by * twist* it is 
intended to express that apparent movement of tlie object across 
the field, which results from a rtml displacement of the axis of the 
body to one side or the oth(*r. owing to a want of correct fitting 
in the working parts * As this last fault depends entirely on bad 
•original workmanship, then? is no remedy for it; but it is one 
which most seriously iubndVres wdtb the convenient use of the in- 
strument, however exc<‘llent may Ix^ its ojdical j)erl'onoance. ]n 
the use of the coarse adjustment with an (Objective of short focus, 
extreme rare is nt‘cessary to avoi<l bringing it down upon the 
object, to the injury of one or both ; for although the spring with 
which the tube for tlie reception <d' the objcci-^lass is furnished, 
whenever the ‘ tiD<^ adjustment ’ is immciliately apjdiod to this, 
takes off the violence of the crushing action, yet sin h an action, 
even wlien thus niod(*rat<‘d, can scarcely fail to damage or disturb 
the object, and jhu// do gnait mis4diief to the lenses. Where the 
fine adjustment is otherwise j)rovided for, still greater care is of 
courso recpiired, utih‘HH a sjiring ‘ safety- 1» ibe * be pn; 'ided, into 
which the Objectives arc screwed. It is here, ])er}u s, well to 
notice, for the guidan<‘e of the young Microscopist, tha^ he nctmil 
distance f>etw'cen the Objective and the object, wheuV distinct 
image is fomnxl, is always (ionsiderably loss than the n'jiniiuil focal 
lentil of the objective. One more ])recaution it may be well to 
specify ; namely, that cithtw in ebaugiug (me object for another, 
or in substituting one 0}jjc(‘tivc for another, save when powers of 
such focal length are eni])loyed as to remove all likelihood of injury, 
the llody shoubl have its distanei^ from the Stage increased by th<.‘ 
* coarse adjustnnmt.' 'J'his jirecaution is absolutely necessary when 
f)bjectivcK of short fo<ms are in use, to avoid injury either to the 
lenses or to tile object ; and wdnui it is babitiially practised with 
regard to these, it becomes so inm*b like an ‘ acquired instinct,’ as 
to be almost invariably practised in other cases. 

138. In obtaining an exact Focal Adjustment with Objectives 
of less than half-an-iuch focus, it will be generally found con- 
venient to employ tbe yb^c adjuduhejtt or ‘ slow motion ; ’ and as 
recourse will ire<iuently be had to its assistance for other j)urfK)se« 
also, it i.s very important that it should >>e well constructed and in 
gofxi working onlcr. ’I'he 'j>ointH to be particularly looked-to in 
testing it, are for the most ]>art the same with those already noticed 
in relation to the coarse movement. It should work smofRhly and 
f»,qnab]y, prcxlucing tliat graduated alteration of the distance of 
the Objective from the object which it is its special duty to 
€‘.ffect, without any jerking or irregularity. It should be so sen- 
sitive, that any movement of the milled-head should at once make 

* In testing (hither the * coarsn ^ or the * fine ’ a/ljnsbnent for ‘twist/ care 
should brj taken that the light reflected from the mirror is axial not Mqmt 
since, if the illttminating rays are inclined to the optic axis, the object, when 
thrown out of focus, will appear to vanish laterally, which it does not do 
vided the adjustments work well) when illuminated axially. 
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apparent by an alteration in the distinctness of tho 
i]nai^e» when high powers are employed, without any ‘ loss of time. * 
And its action should not give rise to any twisting or displacing 
movement of the image, which ought not to be in the least de^oe 
disturbed by any number of rotations of the milled-head, still less 
by a rotation through only a few degrees.- -One great use of this 
ad^justment consists in bringing into view different ainitd of the 
object, and this in such a gradual manner that their (‘-onnexion 
with one another shall be matle ajiparcnt. Whether an Opaque or 
a Transparent object he under examination, only that part which 
is exactly in focus can bo perfectly discerned under any power ; 
and when high powers of large angular aperture are employed, this 
is the only part that can be seen at all. A minute alteration oi 
the focus often causes so different a set of appearances to be pre- 
sented, that, if this alteration be made abruptly, the relation of each 
to its predecessor can scarcely be even guessed at ; and the gradual 
transition from the one to the other, which the ‘ slow motion* 
alone affords, is therefore necessary to the correct interpretation 
of either. I’o take a very simple case:*— 'Die transparent body of 
a certain animal being traversed by yessels lying in different planes, 
one set of these vessels is brought into view by one adjustments 
another set by ‘ focussing ’ to a different plane; and the connexion 
of the two sets oC vessels, which may be the point of most impor- 
tance in the whole anatomy of the aidmal. may be entirely over- 
looked for want of a *fine adjustment,’ whose graduated action 
shall enable one to be traced continuously int(> the other. What is 
true even of low and medium powers, is of course tmo to a still 
greater degree as to high powers ; for although the ‘ quick motion’ 
'irwy enable the obseiwer to bring any stratum of the object iut(^ 
accurate fo(’us, it is impossible for him by its means t<j secure that 
transitional ‘focussing’ which is often much more instructive than 
an exact adjustment at any one point. A clearer idea of the nature 
of a doubtful structure is, in fact, often derived from what is cauglit 
sight of in the aet of changing the focus, than hy the most attentive 
study and comparison of the different views obtained by any 
number of separate ‘focussings.’ The experienced Microscopist, 
therefore, whilst examining an object of almost any description* 
oonstantly keeps his huger upon the milled-head of the ‘ slow 
motion/ and watches the effect produced by its revolution upon 
every feature which ho distinguisnes ; never leaving off until he be 
satiehed that lie has scrutinized not only the entire surface, but the 
entire ihkhmss of the object. It will on^m hapjien that, where dif- 
ferent structural features present themselves on different planes, it 

• It will ftometimes happen that the ‘ slow motion * will sem not to act, 
iBowly heoanae it lias beim so habitunllr worked in one direction rather than 
the other, tiutk it« screw had Is^en turned too far. In that case, nothing more 
hi PBqtdred for its restoration to good working order, than turning the screw iu 
the other direetion, until it shall nave reached about the middle of its range of 
aotiotu 
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will be diiiioult or even impossible to determine with the Mono* 
ciilar microscope which of them is the nearer and wliich the 
more remote, unless it be ascertained by the use of the * slow 
motion/ when they are successively brought into focus, whether 
(the Objective has been moved ioioards or awmj fnmi the object.^ 
Kven tliia, however, will not always succeed in certain of the most 
'ilifficiilt cases, in which the difterence of level is so slight as to be 
^ilmost inappreciable ; as, for instance, in the case of the markings 
on the sili<*eous valves of the Diatoms (Fig. 166.) 

139, IVhen Objectives of short focus and of wide angular aperture 
are in use, Hoiiiething more is necessary (save in the case of * homo- 
gen eous-iiumersion’ lenses, § 20), than exact focal adjustment ; 
this being the ndjuntnivui of the, Ohjccfirr itself, which is required 
to neutralize the disturbing etfect of the glass cover upon the 
course of the rays proceeding from the object (§ 1 7), “-unless (as 
ill the Objectives now coiniuouly made for Students’ Microscopes) 
they are construoiecl for working on/y with cover-glasses of a certain 
standard thickn<\ss. For such adjustment, it will be recollected, a 
power of altering the distance between the front pair and the 
remaiiidiT oi’ the cuuiihiuatiou is required; and this power is obtained 
in tin* following iiianiier : — 'Fhe front ])air of lenses is fixed into a tube 

(Fig. Ill, a), which 
slnles over an interior 
tube (iJ) by which the 
other two pairs are 
held ; and it is drawn 
up or down by means 
of a collar (o), wliich 
wTU'ks in a furrow cut 
in tlui inner tube, and 
upon a screw-thread 
cut in the outer, ho 
that its revolution in 
the plane to which 
it is fixed by the one 
tube gives a vertical 
movement to the 
other. I u one part of 
the outer tube an ob- 
long slit is made, as 
seen at d, into which 
projects a small 
tongue screwed on 
the inner tube ; at the side of the former two horizoutal lines are 
cmgraved, one jiointiiig to the word * uncovered,’ the other to the 
word * covered wiiilst the latter is crossed by a horizontal mark, 
which is brought to coincide with either of the two lines by the 

* Tt is in objects of tUis kind that tU© great advantage of the Stereoscopic 
Cmoculor arrangement makeg itself most felt 80-4C). 
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rotatioii of the screw-collar, whereby the outer tube is mov^ up or 
down* the mark has been made to point to the line ‘ un^ 

covered/ it indicates that the distance of the lenses of the obiect- 
giass is such as to make it suitable for viewing an object without 
any interference from thin glass; when, on the other hand, the 
mark has been brought by the revolution of the screw-collar into 
coinoidenoe with the line ‘ covered/ it indicates that the front lens 
has been brought into such proximity with the other two, as to 
produce a ‘positive aberration 'in the Objective, fitted to neutralize 
the ‘negative aberration ’ produced by the inter} >ositi on of a glass 
cover of extremest thickness. But unless this corrccticm be made, 
with the greatest precision, to the thickness of tln^ ])articular cover 
in use, the enlargement of the Angle of A})erture, to which 
Opticians have of late a})})lied themselves with such remarkable 
success, becomes worse than useless ; being a source of diminished 
instead of increased distinctness in the <letails of theobjt‘ct, which 
are far better seen with an Ohjective of greatly inferior a}3erture* 
possessing no special mljustment for the thickness of the glass. 
The following general rule is given l)y Mr. Wenham fur securing 
the most efficient performance of an ()hje(‘t-glass with any ordinary 
object : — “ Select any dark K})eck or ojmtpie portion of the object,, 
and bring the outline into p(‘rfo{'.t focus ; then lay the finger on 
the mille<l-hoad of the fine motion, and move it briskly backwards 
tUid forwards in both directions from the lirst position. Observe, 
the expansion of tin* <]ark outline of the objec t, both whmi within 
and when without the focus. If tin* greater ex}>aiision, or coma, 
is when tlie object is rvlthont tin* focus, or farthest from the Objec- 
tive, the lenses must be placed farther asunder, or towards the 
mark ‘uncovered.’ If the greater coma is wlnju tin* object is wifltiit, 
the focus, or nearest to the Objective, the lens('s must be brought 
closer together, or towanis the mark ‘ covered.' When the object- 
glass is in pro{>er adjustment, the exjjunsion of the outline ia 
exactly the same both within and without the focus." A different 
indication, however, is afforded by such ‘ ti'st-objects ’ as present 
(like the Podura-scalo and the Diatomacca*) a set of distinct dota 
or other markings. For “ if the dots have a bmdency to ran into 
lines when the object is placed ivifhoui the focus, the glasses must 
be brought closer togctlier; on the contrary, if the lines appear 
when the object is auV/u'e the focal jM>int, the lenses must be far- 
ther separated." ♦ When the Angle of Aperture is very wide, the 
difference in the aspect of any severe test under different adjust- 
ments becomes at once evident ; markings which are very distinct 
when the correotiou lias been exactly made, disappearing almost 
instantaneously when the screw-collar is turned a little way round.f 

'* See Quart Joum. of Microsc, Science,’’ Vol. ii. (1854), p. 188, 
t Mr.. Wenham remarks (loc. cit.), not without justice, upon the difficulty of 
making this adjustment even in the Objectives of our best Opticians; and he 
states that he has himself succeeded much better by making the ifuter tube 
the fixture, and by making the tube that carries the other pairs elide within 
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140. Althou^^h tho moat pmfod correction required for each par- 
ticular object (wliich depends not merely upon the thickness of 
its glass cover, but upon that of the fluid or balsam in which it 
may be mounted) can only be found by experimental trial, yet for 
fill ordinary purposes, the following simple method, first devised 
by Mr. l^owell, will suffice. The object-glass, adjusted to ‘un- 
covered/ is to be ‘focussed’ to the object; the screw-collar is next 
to l)e turned until the surface of the glass cover comes into focus, os 
may be perceived by the 8}>ots or striio by wliich it may be marked ; 
the object is then to he again brought into focus by the ‘ slow 
motion.'' The edge of the screw-collar being gr.'idnated, the par- 
ticular adjustment which any obje<jt may have been found to 
reijuire. and f)f winch a record has ])een may be made again 

without any difficulty. — lly Messrs. Smith and Beck, however, who 
Hrst introduced this graduation, a further use is made of it. By 
exj>erimer.ts such as those deHcri])ed in th(‘ last paragrapli, the 
c.on*ect adjustment is first found for any particular object, and the 
number of divisions observed through which the screw-collar must 
be moved in order to bring it back to 0°, the jiositiou suitable for 
an uncovered (djeet. ^riic thickness of the glass cover must then 
l)e measured by means of the ‘ slow motion tliis is done by bring- 
ing into exact fo(!UH, first the object itself, and tlien the siiri’ace of 
tin* glass cover, and by observing the number of divisions through 
which the iuilh‘d-head (v,dnch is itself graduated) has passed in 
making this change. A ddfinibj ratio between that thickness of 
glass, and the correction required in that f)articular Objective, is 
thus established ; and this serves as the guide to the requisite 
f^orrection for any other thickness, which has been determined iu 
like manner by the ‘ slow motion.* d*hus, suiqiosing a particular 
thickness of glass to be measured by 12 divisions of the milled- 
hcad of the ‘ slow-motion,’ and the most ]>(Tf(*nt performance of 
the Obj(‘cti\^e to be obtained by moving the screw-collar through 
H divisions, then a thickness of glass measnre<l ])y b divisions of 
the milled-head would require the screw-collar to be adjusted to 
t) divisions in order to obtain the best effect. The ratio between the 
two sets of divisions is by no moans the same for different combi- 
nations ; and it ought to be determined for each Objective by its 
maker, who \vill generally be the fittest judge of the best ‘points’ 
of his lenses ; but when this ratio has been onc<j ascertained, the 
adjustment for any thickness of glass with which the object may 
happen to be covered, is rea<iily made by the Microsoopist him- 
self. Although this method appears somewhat more complex 
than that of Mr. Powell, yet it is more perfect ; and when the 

this; tbo motion being given bj" the action of an inclined slit in the revolving 
<‘.olhir upon a x>in that passes through a longitudinal slit in the outer tube, to 
he attached to the inner. — The admirable Objectives of the first-class American 
Opticians, are (the Author believes) always constructed so that the adjuatmenat 
is effected by tho movement of the back combinations, as long since reoom- 
‘ by Mr. Wenham. 
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imiio hel>weeii ft© two sots of 3iTj»ioTi8 tas been once detennined> 
ft© ©i^msteent does not really involve more trouble. — Anofter 
tuie I© made of this adjustment by Messrs. Smitb and Beek ; 
namely, to correct tbe disturbance in the performance of Objec- 
tives, wMcb is made by the increase of diatande between the Obje<i- 
tave and the Eye-piece, occasioned by the use of the Draw-tube 
(| 83). Accordingly, they mark a scale of inches on the Draw- 
tube (which is useful for many other purposes), and direct that for 
every inch the body is lengthened, the screw-collar of the Objective 
shall be moved through a certain number of divisions. 

141. for Trayiffparcnt OhjecL . — If tlie Object be 

already ‘ mounted’ in a slide, nothing more is necessary, in order 
to bring it into the right j)OHition for viewing it, than to lay the 
slide upon the Object-jdatform of the Stage, and so to support it 
by means of the sjiriug-chps, sliding ledge, or other contrivance, 
tiiat the part to be viewed is, as nearly as can be guessed, in the 
centre of the aT>ertnre of the stage, and tlierefore in a line with the 
axis of the botfy. If the (dyect 1)0 not ‘ mounted,’ and be of such 
a kind that it is best seen dry, it may be simjdy laid upon the 
glass Stage-plak) (§ 120), the ledge of which will prevent it from 
slipping off when the Micros(;oj)e is inclined ; and a plate of thin 
glass may be laid over it for its protection, if its delicacy should 
seem to render this desirable. If, again, it be disposed to curl up, 
so th&t B slight pressure is needed to flatten or extend it, recourse 
may be had to the use of the Aq^uatic Box (§ 122) or the Com- 
pressor (§ 125), without the introduction of any liquid between 
the surfaces of glass. In a very large proportion of cases, how- 
ever, either the objects to be examined are already floating in 
fluid or it is preferable to examine them in fluid, on account of 
the greater distinctnt^ with which they may be seen. If sucli 
objects be minute, and the quantity of liquid be small, the drop is 
simply to be laid on a slq:) of glass, and covered with a plate of 
thin glass ; if the object or the quantity of liquid be larger, it will 
be better to place it in a concave slide or cell ; whilst, if the object 
have dimensions which render even tins inconvenient, the Zoophyte 
'rrough (§124) will afford the best medium for its examination. — In 
the case of minute living animals, whose movements it is desired to 
limit (so as to kec]) them within the field of view) without restrain- 
ing them by compression, the Author has found the following 
’ plan extremely convenient. The di*op of water taken up with 
fte animal by the Dipping-tube being allowed to fall into a concave 
slide (Fig. 122), the whole of the superfluous water may be removed 
by ft© Syringe (§ 127), only just as much being left as will keep 
the asaimal alive. If the animal l)e very mimite, it is convenient 
to effect this withdrawal by placing the slide on the stage of the 
Disnecting MiciX)8Cope (§44), and working tha Syringe under the 
magnifier ; and it will be found after a little practice, that the 
compete command which fte operator lias over the movements of 
ft© piston, os well as over the place of the point of fte syringe. 



enables him to remove every drop of stiperflwoms water without 
drawing the animal into the gyringe. When, on the other hand, 
it is desired to isolate a particular animal from a number of others , 
the syringe may be conveniently used, after the same fashion, to 
draw it np and traiifefer it to another slide ; care being, of course, 
taken that the syringe so employed has a sufficient aperture to 
receive it freely. — If it be wished to have recourse to compre ' 
for the expansion or flattening of the object, this may oe made 
upon the orc^ary slide, by pressing down the tliin-glass cover with 
a pointed stick ; and this method, which allows the ])ressure to be 
applied at the spot where it is most required, will generally bo 
found preferable for delicate portions of tissue whicn are easily 
spread out, and which, in fact, require little other compression than 
is afforded by the weight of the glass cover, and by the capillary 
attraction which draws it into proximity with the slide beneath. 
A firmer and more enduring pressure may be exerted by the 
dexterous management of a well-constructed Aquatic Box; and 
this method is peculiarly valuable for coufluing the movements of 
minute animals, so as to keep them at rest under the field of the 
microscope, without killing tneni. It is where a firm but graduated 
pressure is required, for the flatteuiug-out of the bodies of thin 
semi-transparent animals, without the necessity of removing them 
from the held of the Microscope, that the Compressor is most 
useful. 

142. In whatever way the Object is submititMi to examination, 
it must be first brought approximately iiite position, and supporhjd 
there, just as if it were in a mounted Slide. The precise mtxle of 
effecting this will differ, according te) the particular plan of the 
instrument emi)loyed : thus, in some it is only the lodge itself 
tliat slides along the stage ; in others it is a carriage of some kind, 
whereon the object-slide rests ; in others, again, it is the entire 
platform itself that moves upon a fixed plane beneath. Having 
guided his object, as nearly as he can do by the unassisted eye, 
into its proper place, the Microscopist then brings liis light 
(whether natural or artificial) to bear upon it, by turning the 
Mirror in such a direction as to reflect upon its under surface the 
rays which are received by itself from the sky or the lamp. 
concave inirrf)r is that which should always be first employed, the 
plane being reserved for special purposes ; and it should bring the 
rays to convergence in or near the plane in which the object lies 
(Fig. 112), The distance at which it should be ordinarily set 
beneath the stage, is that at which it brings parallel rays to a focus ; 
but this distance should be capable of elongation, by the length- 
ei^g of the stem to which Fhe mirror is attached, since the rays 
-diverging from a lamp at a short distance are not so soon brought 
to a focus. The correct focal adjustment of the Mirror may bo 
judged by its formation of images of window-bars, chimneys, 
Ac., upon any semi-transparent medium placed in the plane of tibe 
4ibject. It is only, however, when small objects are being viewed 
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under lugh ma|fmfying powers, that such a concentration of the 
li^ht reflected py the Mirror is either necessary or desirable ; for, 
with large objects seen under low powers, the field would not in 
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tliis mode be equally illuDiinated. The diffusion of the light over 
a larger area may be secured, either by shifting the MiiTor so much 
above or so much below its previous position, that tlie pencil 'wdll 
fall upon the object whilst still converging, or after it has met and 
diverged ; or, on the other hand, by the interi)OHitiou of a ilisk of 
Ground-glass in the course of the converging -this method, 

which is peculiarly appropriate to lump-light, being very easily 
liad recourse to, if the aiaphragm-}>late have had its larger ai)er- 
turc fitted to receive such a disk (§ 98). ’^Fhe eye being now applied 
to the Eyo-i>iece, and the lK>dy being ‘ focussed,’ the object is to be 
brought intc) the exact jwsition required by the use of the travers- 
ing movement, if the stage l)e provided with it; if not, by the use of 
the two hands, one tnoving the ol)ject-sli(le from side to side, the 
other pushing the ledge, fork, or holder that carries it, either for- 
wards or backwards as may be required.— It is always to be remem- 
bered, in making such adjustments by the tlirect use of the hands, 
thatj owing to the inverting action of the Microscope, the motion to 
be given to the object, whether lateral or vertical, must be precisely 
opposed to that wnich its image secaw* to require, save when Erec- 
tors (§§ 84, 86) are employed. When the object has been thus 
brou^t fvdly into view, the Mirror may require a more accurate 
adjustment. What should be aim^-at is" the diffusion of a clear 
and equable light over the entire field ; and the observer shotild not 
be satisfied until he has attained this end. If the field should be 
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darker on one side than on the other, tlie Mirror should be sUghtly 
turned in such a direction as to throw more light uix)n that side ; 
IHjrhaps in so doing, the light may be withdrawn from some part 
previously illuminated ; and it may thus In? found that the pencil is 
not large enough to light up the entire field. T^his may be owing to 
one of three causes : either the cone of rays may bo received by the 
object too near to its focal apex, tho remedy lor winch lies in an 
alteration in the distance of the Mirror from the stage ; or, from the 
vary obliqne position of the Mirror, the cone is too much narrowed 
across one of its diameters, and the remedy must be sought in a 
change in the position either of the Microscope or of the Lamp, so 
tliat the face of the Mirror may not lie turned ho much away from 
the axis of vision ; or, again, from the centrt* of the Min-or being 
out of the optic axis of the instrument, so that the illuminating cone 
is projected oldi<|uely, — an error which can be rectitied without the 
least diiiiculty. If the cone of ravs should come to a focus in the 
object, the field is not unlikely to be crossed (in tluj day-time) by 
tho images of window-bars or chimneys, or (at night) tne form of 
the lamp-flame may bo distinguished upon it ; the I’ormer must lie 
got rid (d‘ by a slight change in the intonation of the Mirror; and 
if the latter cannot be dissipated in tho same way, tho lam]) sliould 
be l^ronght a little nearer. 

bid. The e<iua}de illumination of tho entire held having been 
thus obtained, the tjuantify of light to be mlmitted should be rogu- 
iate^d by the Diaphragm-fdate^ (§ 98). This must depend very 
much ujxm the nature of the object, and ui>r>n the intemsity of tho 
light. Generally speaking, the more trauHj)arent the object, the 
less light does it need for its most perfect display ; and its most 
delicate markings are frequently only made visible, when the major 
part of the cone of rays has been cut off. 'J'hus the movement of 
the cilid — those minute vibratile filaments with wliich almost 
every Animal is j>rovided in some jiart of its organism, and which 
many of the humbler Idants also possess in the early stages of their 
existence — can only be discerned in many instances when tho light 
is admitted through tlie smallest aperture. On the other hand, tho 
less transparent objects usually re(|uire the stronger illuminatiou 
which is aftbrded by a wider cone of rays ; and there are some 
(such as semi-transparent sections of Fossil ^feeth) wliioh, even 
when viewed with low powers, are better seen with the intenser 
light afforded by the Achromatic Condenser. — In every case in 
wfiich the object presents any considerable obstniction to the 
passage of the rays through it, great care should \>e taken to prf»* 
tect it entirely from incident light ; since this extremely weakens 
the effect of that which is received into the Microscojie by trana- 
inission. It is by daylight that this interference is most likely to 
occur ; since, if the precautions already given (§ 132) respecting tho 
use of lamp-light be observed, no great amount of light fall 
imon the upper surface of the object. The observer wDl be warned 
that such an effect is being produced, by perceiving that there ie a 
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want not only of brightness but of clearness in the image, the field, 
being veiled, a« it were, by a kind of thin vapour ; and he may at 
once satisfy himself of the cause, by interposing his hand between 
the stage tmd the source of light, when the immediate increase of 
briUmnoy and distinctness will reveal to him the source of the 
prenouB deficiency in both. Ifothing more is necessary for its per- 
manent avoidance, than the interposition of an opaque screen 
(blackened on the side towards the stage) between the window and 
the object ; care being of course taken that the screen does not in- 
terfere with the passage of light to the mirror. Such a screen may ) )e 
easily shaped and adapted either to be carried by the stage itsefi', or by 
the stand for the condenser ; but it is seldom employed by Microsco- 
pists, as it interferes with access to the left side of the stage ; and 
the interposition of the hand, so often as it may be needed, is luore 
frequently bad recourse to in preference, as the more convenient 
expedient. The young Micrnscopist who may lie examining trans- 
parent objects by daylight, is recoinmeiub'd never to omit ascer- 
taining wbether the view whidi he may obtain of them is in any 
degree thus maiTcd by incident light. 

144j* Although the illumination afforded hy the Mirror alone is 
<mite adequate^ for a very larg^* proportion of the piiriioses for which 
the MicroscojK* may be profitably emplu^'cd (nothing else having 
lieen used by many of those who have made most valuable (Contri- 
butions to f^citiuee by means of this instrument), yet, wlieu liigh 
magnifying powters are employed, and sometimes even when lait a 
very moderate amplification is needed, great advantage is gained 
from the use of a Condenser. The form which has been described 
under the name of the Webster Condenser (§ lOU) answers vso well 
for most purjKises, and may in addition be so easily converted inh* 
a * black-ground ’ Illuminator, that the working Miciroseopist will 
find it convenient to keep it always in plae(^; substituting an 
of greater power (§ fib) only when specially 
needed. S])eeial care is needed in the use of this last, Ixith as to 
the coincidence of its optic axis with that of the Microscope itself, 
and as to it^j foail distance from the object. The centf vioq may bt* 
most readily accomplished by so adjusting the distance of the 
Condenser from the Stage (by the rack-and- pinion action or the 
nliding movement with which it is always provided), that a sharjt 
circle of light shall thrown on any semi-transparent medium 
laid upon it ; then, on this being Auewed through the Microscope 
witii an Objective <)f sufficiently low jvower to take in the whole of 
it, if this circle l>e not found concentric with the field of view, 
the axis of the (hmdenser must be altered by means of the milled- 
head tangent-screws with which it is provided. Or a cap with a 
minute central aperture may be fitted on the top of the Condenser, 
and this aperture centred in the field of an objective of medium 
)K>wer, Or, again, a diaphragm with a very minute central 
perforation may be placed at a little distance bmeaik the Achro- 
matic Condenser, and the image of this may be brought into the 
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centre of the field of a l-4th objective, which is the beet arrange* 
ment when it is to he used with very high powers. The/ooa? adjmi* 
■tftent of the Condenser, on the other hand, must l)e mode under the 
Objective which is to be employed in the examination of the object, 
by turning the Mirror in such a manner as to thn>w upon the visual 
image of the object (previously brought into the focus of the Micro- 
scope) an image of a f chimney or a window-bar, if daylight be 
employed, or of the top, bottom, or edge of the lamp-flame, if 
lamp-light be in use ; the focus of the condenser should then be so 
adjusted as to render the view of this as distinct as possible; and 
the direction of the Mirror should then bo snlficieutly changed to 
displace tlie image, and to substitute for it the clearest light that 
can be obtained. It will generally be found, however, that although 
such an exact focussing gives the most perfect results by Daylight, 
yet that by Lam})-ligbt the best illumination is obtained when the 
Condenser is removed to a somewhat greater distance from the 
object, than that at which it gives a distinct image of the lamp. In 
every <5ase, indeed, in which it is desired to ascertain the effect of 
onriofif iu the method of illumination, the effects of alterations in 
the distance of the condenser from the object should be tried ; as 
it will ofbm happen that delicate markings become visible when 
the eoudenser is a little uni of focus, which cannot be distinguished 
when it is precisely in focus. The regulation of the amount of 
li<jf(i transmitted through, the objeeb is ofbm of the very first 
iiu]X)rtancc ; and no means of accomplishing this is so convenient 
as a Graduating or ] ris Diaphragm (§ 08). For some objects of 
great transparence, the White-Cloud illumination (§ 109) may b(! 
hiid recourse to with advantage. 

140, There are many IVansparent Objects, however, whose pecu- 
liar features can only be distinctly made out, when they are viewed 
by light transmitted through them instead of axially; and 

this is especially the case with such as nave their surfaces marked 
)y very delicate and closely-approximated furrows, the direct ion of 
the oblique rays lieing then a matter of primary importance, d’hus, 
suppose that an object be marked by longitudinal strim too deli- 
cate to l>e seen by ordinary direct light ; the oblique light most 
fitted to bring them into view will lie that proceeding in either of 
the directions c or n ; that which falls upon it in the directions 
A and « tending to obscure the striae rather than to disclose 
them. But if the striie should be due to furrows or prominences 
which have one side inclined and the other side abrupt, they will 
not be brought into view indifferently by light 
from c or from d, but will Ixj shown best by 
that which makes tke strongest shadow : hence, 
if there be a projecting ridge, with an abrupt 
side looking towards c, it will be best seen by 
light from » ; whilst if there be a furrow with 
a steep bank on the side of c, it will be by light 
frejm that side that it will be best displaye<l. Bnt it is not 
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at all infrequent fur the longitudinal striae to be crossed by others; 
and these transverse striae will usually l>e best seen by the light 
that is least favourable for the longitudinal ; so that, in order to 
bring them into distinct view, either the illuminating pencil or the 
object must bo moved a quarter round. The Bimpfest mode of 
olitaining this end, is hi make the Mirror capable of being turned 
into eucli a jxjsition as to retlect light into the object from one 
side and at a very obli<pie angle (which is best done by the Zent- 
mayer arrangement) ; and to give the Stage a rotatory move- 
ment, HO that the ol^jeet may be presented to that light under evei^ 
osdmuth. 

146. For objects of greater difficulty, however, it is better to have, 
recourse to the Accessuries already described (§§ 101-108). wliicli 
Fig. 113. are Hi>ocial]y provided to furnish 

oblique illumiimtioTi in the most 
efTectual manner. A good examph* 
of the variety orai)peaTanecs which 
llie same object may exhibit, when 
illuminated fn>m different azi- 
muths, and with slight changes of 
focussing, is shown in Fig. lltl, 
which represents portions of a 
valve of l*Icnr<»ii(pn.<t fnyt}io8^fin as 
seen under a powtT of F10<) diarm?- 
ters; tin* markings shown at a, a, 
and c being bronglit-out by ohlhinv 
light in different directions, which, 
however, when carefully use<i, does 
not ]>roduce these erroneous as- 
pects ; whilst at I) is shown the 
effect oi’fcc'm? illumination with the 
Achromatic Condenser. — It cannot 
be too strongly inqire.saeil on the 
young Microscopist, however, that 
the sjH^cial value of ne>’y nhVqne 
illumination is limited to the reso- 
lution of * test-objects and that 
for the ordinary' purposes of scienti- 
fic study and research, n.Jo’n/ illumi- 
nation IS generally preferable. As 
in regard to the qualities of Objec- 
tives (§ 55), so in respect to Illumi- 
nation, may it be confidently as- 
Berted that the solution of the most 
difficult Biological problems to 
which the Microscope has been yet 
Vdve “PP***^- attaitted by ar- 

rf f axrourable to Ihe discenunent of the 





AURAKOmiENT FOB OFAQUE OKtEOTS. 


m 


markiuga on Diatom- valvea or the lines on Koljei’t’s tost-platc ; and 
that, conversely, the arrangements spescinlly effective for the * resolu- 
tion' of the most diihoult Ihtrd* teats,* have not, aa yet, been shown 
to have much value in Biological investigation (§ 158). 

147. There are many kinds of Transparent objects — esp^ially 
such as either consist of thin plates, disks, or spicules of Siliceous 
or Calcareous matter, or contain' such bodies - which are peculiarly 
well seen under the!i>/o<-A--f7roain/ illumination (§§ 104, 105); for not 
only does the hrilliaiit luminosity which they then present, in con- 
trast with the dark ground behind them, show their fonns to extra- 
ordinary advantage ; but this mode of illumination imparts to them 
an appearance of solid ity which they do not exhibit by ordinary 
transmitted light (§ 100); audit also fi-cqnently brings out surface- 
markings which are not otherwist* distinguishable. Hence, when 
any obje<d is uii<ler (*xamination that can be snpposeil to be a gootl 
sul>ject for this method, the trial of it shoiild never be omitted. 
For low j)owerrt, the use of tin* Spot-lens or the Webster Con- 
denser with tie* central ste]) will Is? found sufficiently satisfactory ; 
lor the higher, the Paralsdoid or the Beflex illuminator should he 

emj)loyed, Similar g(?neral remarks may he made rospcxding the 

examination of objects by PoUirizfd light (§ 110). Some of the most 
striking effects of this kind of illumination an? produced upon bodies 
whose particles have a erystallino aggregation ; and hence it may 
<»ften be emjdoycil with grtjat advantage to bring smffi bodies inb» 
view, when they would not otherwise bo distinguished: thus, for 
example, the mjihidcK of i’lants arcmiieh more clearly made out by 
its means, in the midst of the tissues, than they can l>e by any other. 
But the ]>eculiar eilVtds of Folarizod light are also exerted upon a 
great number ol‘ otluir Organized Huhstaiiecs, both animal and 
vegetable ; and it often reveals difl'erences iii the arrangement or 
in the relative density of tlieir com]>onent i)articleH, the existenct? 
of which would not otherwise have been suspected ; hence the 
Microscopist will do well to have recourse to it, whenever he may 
have the least .suspicion that its use can give him an addditional 
power of discrimination. 

148. for Opuqvo 05/»r/s.“— There are many objects 
of the most interesting character, the opacity of which entirely 
forbids the transmission of light through them, and of which, there- 
fore, the STijfaces only can be viewed by means of the incident rays 
which they ref ect, 'these are, for the most part, objects of com- 
paratively large (brneiisions, for which a low magnifying power 
suffices ; and it is specially important, in the examination or such 
objects, not to use a lens of shorter focus than is absolutely necessary 
for diHCerning the details of the structure ; since, the longer the 
focus of the Objective employed, the less is the indistinctness pro- 
duced by inequalities of the surface, and the larger, too, may be 
its aperture, so as to admit a greater quantity of light, to the ^at 
improvement of the brightness of the image. Objectives of long 
focus are especially required in Microscopes that are to be used f<n* 



170 


MANAGEMENT OF THE MICEOSCOPE. 


Educatiotial purposes ;♦ and an endless variety of ‘common objects^ 
suitable to tnese may be fotmd by sucb as will take tbe trouble to 
search for tbexn.—The modeof bringing: Opaque objects under view 
will differ according to their ‘ mounting,* and to the manner in 
which it is desired to illuminate them. If the oljject be mounted in 
u ‘ slide’ of glass or wood, upon a large Opacpio surface, tbe slide 
must be laid on the stage in the usual manner, and tlie object 
brought as nearly as jiossible into position by tbe eye alone (§ 141). 
If it 1)0 not so mounted, it may bo simply laid upon the glass 
Btage-plat<% resting against its lodge ; and the Diaphragm-plate 
must then be so turned as to afford it a black background, light 
being thrown upcm it by a (Vmdensing Lens or Bnirs-eye placed as 
in Fig. 114, or, (still better) by Beck’s Bara]x)lic S})eculum, which 



Arraugement of Microscope for (>j.>aque Obj<;cts. 


gives a far better illumination by diffused daylight than can be 
obtained by any other means yet devised, and which is equally well 
adapted to* lamp-light, when used in combination with the Bull’s- 
eye (§ 114). Direct sunlight cannot 1 h^ employed without the pro- 
duotaon of an injurious glare, and the risk of burning the object ; 
but the sunlight reflected from a bright cloud is the Ixjst light pos- 
sible. When a Condensing Lens is used, it should always be 
placed at right angles to the direction of the illuminating rays, and 
at a distance from the object which wiU be determined by the size 
of th® Borfiace to be illuminated and by the kind of light required, 

• The nwikere of EducationRl Microscopes supply at a small cos^ single 
(triplel) ixmibliMitions of iS inches, 2 inches, or inch foons, or dividing com- 
iHiuktiosis of hidf-lnch and 1 inch, 1 inch and 2 inches, or I4 inch and 3 1 * 
which quite iideqaata for ordinary requirements. 
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If the magnifying power employed bo hiffh, and the field of view 
bo consequently umitod, it will be desirable so to adjust the lens 
as to bring the cone of rays to a point upon the part of the object 
under examination ; and this ^juatment can only be rightly made 
whilst the object is kept in view under the Microscope, the Con- 
denser beinjf moved in various modes until that position has been 
found for it in which it gives the best light. If, on the other 
hand, the power bo low, and it l>e desired to spread the light eoi^ly 
■over a large field, the Condenser should be placed either witnin or 
beyond its fotiol distance ; and here, too, the best position will b«? 
ascertained by trial. It will often bo desirable also to vaiy both 
the obliquity of the light and the direction in which it falls upon 
the object ; the asjKJct of which is greatly affected by the manuov 
in which the shadows aro projected upon its surface, and in which 
the lights are reflected from the various points of it. Many objects, 
indeed, which are distinguished by their striking appearance when 
the light falls upon them on one side, are entirely destitute both of 
brilliancy of colour and of sharpness of outline when illuminated 
from the opposite side, i fence it is always desirable to try the 
effect of cixangiDg the position of the object; which, if it be 
• mounted,’ may be first lifted by merely reversing the place of 
the two ends of the slide, and then, if this bo not satisfactory, 
may be more comjdetoly as well as more gradually altered by 
mating the object-platform itself to rotate. With regard to the 
obliquity of the illuminating rays, it is well to remark, that if thtj 
object bo * mounted’ under a glass cover, and the incident rays fall 
at too great an angle with the perpendicular, a large proportion of 
tliem will be reflected, and the brilliancy of the object ^1 bo greatly 
impaired; and hence when Opaque objects are being examined 
under high powers with a very oblique illuminating pencil, they 
should always be uncovered. 

149. The some general arrangement must bo made when Arti- 
ficial light is used for the illumiuation of Opaque objects ; the Lamp 
being placed in such a position in regard to the Stage that its rays 
may fall in the direction indicated in Fig. 114, and these rays being 
coluMrted and concentrated by the Condenser, as already directed. 
Since the rays proceeding from a lamp within a short distance ore 
already diverging, they will not be brought by the Condenser to 
i^ch speedy convergence os are the parallel rays of daylight ; and 
it must, therefore, bo farther removed from the object to produce 
same effect. By modifying the distance of the Condenser from 
the lamp and from the object respectively, the cone of rays may bi^ 
brought nearly to a focus, or it may be spread almost equably over 
a large surface, m may be desinid. Ana the same effect may be 
produced W shifting the position of the Condenser, when thi^ 
Para^lic iSperalum is employed in combination with it. No more 
effective illumination can oe desired for objects viewed under the 
low powero to which the Parabolic Speculum is adapted, tlm tliat 
whi^ is afforded by this coiubinataon ; the Bockett Lamp (Fig. 1(^ 



3.78 


MANAOBMEKT OF THE MICKOSOOPE. 


a most convenient means of using it, as the Author can 
testdtjr from a very large experience. In the illumination of Opaque 
otjjeots, Artificial light has the advantage over ordinary daylight, of 
hemg more easily concentrated to the precise degree, and of being 
more readily made to fall in the precise direction, that may be found 
most advantageous. Moreover, the contrast of light and shadow 
will be more strongly marked when no light falls upon the object 
except that proceeding from the Lamp used for its illumination, 
than it can be when the shadows are partially lightened by the 
rays which fall upon the object from every quarter, as must be the 
case if it be viewed by daylight. — If a more concentrated light be 
re<|uired, the flame of the lamp may be turned edgewise to the 
obieot, and the small Condensing-lens may be used in combination 
with the Bull’s-eye ; being so placed as to receive the cone projected 
by it, and to bring its rays to a more exact convergence. It was 
in this way that Mr. Beck obtained the views of the Pod^tm-scale 
^ven in rlate II., Figs. 4, 5. In this manner very minnte bodies 
may be viewed as Opaque objects under high magnifying powers, 
provided that the brasswork of the extremities of the Objectives be 
so bevelled-off as to allow the illuminating cone to have access to the 
object. As none but a very oblique illumination, however, can be 
thus obtained, the view of the object will be by no means complete, 
unless it be supplemented by that which maybe obtained by means of 
fhte Vertical Illuminator (§ 116), whicl\ supplies for high powers the 
kind of illumination that is given by the Lieberkiihn for the lower. 

150. There are many Opaque objects, such as Fcnmninifera , 
which it is desirable to view from all sides, in order that their 
features may be completely made out. This may be readily done 
with objects mounted in slides, when the Microscope is provided 
with the Zentmayer stage, by inclining the stage to one side or the 
other j^firat taking care that the object is well secured upon it), and 
then giving rotation to the object-platform. For such objects as 
can be conveniently attached to small disks, Beck’s Disk-holder 
(Fig. 94), affords by far the most convenient and effective mode of 
presenting them in evei^ variety of aspect ; but the disks may also 
be held by attached pins, either in the Stage-forceps, or by the 
insertion of the pins into the cork-box at its other end (§ 118), a 
variety of movements being given in either case by turning the 
forceps in its tube. So, again, many small objects, such as parts 
of Insects, may be grasped in the Stage-forceps itself, and, by 
a little care in manipulation, each aspect may be Wught into 
view snocessively. In either of these cases, the Lieberkuhn may 
be employed for their illumination ; and light of considerable 
obliquitj may be obtained by its means, eifiier by tnming the 
Mirror out of the axis, or by covering part of the reflecting surfee 
of the Ineberkuhn by a cap, or by a combination of both methods. 
Vflbeaever the lieberkuhn is employed, care must be taken that 
direct light from the Mirror is entirely stopped-ont by the 
iulerposition of a * dark well * or of a black disk, of such a size as 
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to fill the field given by tlie particular Objective employed, but 
not to pass much beyond it. — (jpac^ue objects that are permanently 
mounted either upon cardboard disks, or in the sHdos specially 
provided for them, may be presented to the Microscope in a ccm- 
siderable variety of directions by means of Morris's Object-holder 
(Fig. 95) ; which, however, can only be employed with side-illumi- 
nation. If it be desired to make the most advantageous use of 
this appliance, objects mounted in slides should be so placed that 
the parts to be brought into view by its tilting movement may look 
towards the long edges of the slide ; since it is obvious that a much 
greater inclination may be given to it in either of these directions, 
than in the direction of either of its extremities. 

151. Errors of Liierj^retatioyi.--^^i:h.Q correctness of the conclusions 
which the Microscopist will draw regarding the nature of any 
object, from the visual appearances which it presents to liim when 
examined in the various modes now specified, will necessarily 
depend in a great degree upon his previous experience in Microscopic 
observation, and upon his knowledge of the class of bodies to which 
the particular specimen may belong. Not only are observations of 
any kind liable to certain fallacies, arising out of the previous 
notions which the observer may entertain in regard to the consti- 
tution of the objects or the nature of the actions to which his 
attention is directed, but even the most practised observer is apt 
to take no note of such phenomena as his mind is not prepared to 
appreciate. Errors and imperfections of this kind can only be 
(jorrected, it is obvious, by general advance in scientific knowledge ; 
but the liistory of them affords a useful warning against hasty 
conclusions drawn from a too cursory examination. If the history 
of almost any scientific investigation were fully made known, it 
would generally appear that the stability and completeness of the 
conclusions finally arrived-at had only been attained after many 
modifications, or even entire alterations, of doctrine. And it is, 
therefore, of such great importance as to be almost essential to 
the correctness of our conclusions, that they should not be finally 
formed and announced until they have been tested in every con- 
ceivable mode. It is due to Science that it should bo burdened 
with as few false facts and false doctrines as possible. It is due to 
other truth-seekers that they should not be misled, to the great 
waste of tlwir time and pains, by our errors. And it is due to 
ourselves that we should not commit our reputation to the chance 
of impairment, by the premature formation and publication of 
conclusions, which may be at once reversed by other observers 
better informed than ourselves, or may be prov^ to bo faUaoious 
at some future time, perhaps even by our own more extended and 
careful researches. The suspeyision of ilie judgment^ wlieriever there 
aernneraom for is a lesson inculcated by il those Philosophers 
who have gained the highest repute for practical wisdom ; and it 
is one which the Microscopist cannot too soon learn, or too ©op- 
stantly practise.— Besides these general warnings, however, certain 
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caxitloiiui shcmld *be given to the young Microscopist, witli 
to emrs into wMoh he is liable to be led, even when the 
v^ best instruments are employed. 

162. Errors of interpretation arising from the imperfection of 
the focal adjustment arc not at all uncommon amongst young 
Microscopisli. With lenses of high power, and especially with 
those of large an^lar aperture, it very seldom happens that all 
the parts of an object, however minute and flat it may be, can be 
in focus together ; and hence, when the focal adjustment is exactly 
made for one part, everything that is not in exact focus is not only 
more or less indistinct, but is often wrongly represented. The 
indistinctness of outline will sometimes present the appearance ol 
a pellucid border, which, like the diffraction-band, may be mistekeii 
for actual substance. But the most common error is that wliich is 
produced by the reversal of the lights and shadows resulting from 
the refractive powers of the object itself ; thus, the bi-concavity of 
the blood-disks of Human (and other Mammalian) Blood occasions 
their centres to appear darli when in the focus of the Microscope, 
through the divergence of the rays which it occasions ; but when 
they are brought a little within the focus by a slight approximation 
of the object-glass, the centres appear brighter than the periphenil 
parts of the disks. An opposite reversal presents itself in the mark- 
mgs of certain Iltafo/as, which, like Flcurosigma angulatuvi, preseni , 
when exactly focussed, the aspect of rows of hemispherical boajls 
(Fig, 166, a). When tlie surface is viewed n, little inside the focus, its 
aspect is that shown at a , Fig. 115 ; wliilst, w nen the surface is slightly 

beyond the focus (n), the 
hexagonal areohn are 
dark, and the intervening 
partitions light. — The 
(^’perienred Microscopist 
will find in the optical 
efl’ects produced by varia- 
tions of focal adjustment 
the most certain indica- 
tions in regard to the na- 
Falso boxagoiial areolntion t)f Pienromgma ture of such inequalities 
aitgulahm^ as seen in a Photograph magni- of surface as are too mi- 
fied to 16,000 diameters. nute to be made apparent 

by the use of the Stereo- 
scopic Binocular. For superficial elevations must necessarily 
appear brightest when the distance between the Objective and Bio 
object i« incfreasedi whilst depressions must appear brightest when 
that distance is diminished. — The Student should be warned 
against supposing that, in all cases, the most positive and strihimf 
^pearance is the truest ; for this is often not the case. Mr. 
Black’s optical Ulueion, or silicorcrack slidct* iUustrates an error 
df this aesoription. A drop of water holding colloid silica in 
♦ Monthly Microscopical JonmaV’ Vol. v. (1872), p. 14. 




El^OES OF INTEEFEETATION, m 

elution is allowed to evaporate on a glass slide, and, wlxeti quite 
iseovered with thin glass to keep it clean. The silaca de^sited 
in this way is curiously cracked ; and the finest of these cracks can 
be made to present a very positive and deceptive appearance of 
l>eing raised bodies like glass threads. It is also easy to obtain 
difiraction-lines at their cages, giving an appearance of duplicity to 
that which is really single. 

153. A very important and very frequent source of en-or, which 
sometimes operates even on experienced Microscopists, lies in the 
refractive influence exerted by certain peculiarities in the internal 
structure of objects upon the rays of light transmitted through 
them ; this influence being of a nature to give rise to appearances 
in the image, which suggest to the observer an idea of their cause 
that may be altogether different from the reality. Of this fallacy 
we have a ‘ pregnant instance’ in the misinterpretation of the nature 
(d the lacit7L(B and canalicuU of Bone, which wore long supposed 
to be solid corpuscles with radiating filaments of peculiar opacity, 
instead of being, as is now universally admitted, minute chambers 
with diverging passages excavated in the solid osseous substance, 
b^or, just as the convexity of its surface will cause a transparent 
(‘y Under to show a bright axial band,* so will the concavity of the 
internal surfaces of the cavities or tubes hollowod-out in the midst 
of highly-refracting substances, occasion a divergence of the rays 
]>as8ing through them, and consequently render them so dark 
that they are easily mistaken for opaque solids. That such is the 
case witn the so-called ‘ bone corpuscles,* is shown by the effect 
t>f the infiltration of Canada balsam through the osseous sub- 
stance ; for when this fills up the excavations, being nearly of the 
same refractive power with the bone itself, it ofcterates them 
altogether. — So, again, if a person who is unaccustomed to the 
use of the Microscope should have his attention directed to a 
preparation mounted in Uquid or in balsam that might chance 
to contain air-hubhles, he will be almost certain to be so much 
more strongly impressed by the appearances of these than by that 
of the object, that his first remark will be upon the numoer of 
strange-looking black rings which he sees, and iiis first inquiry will 
be in regard to their meaning. 

154. Although no experienced Microscopist could now be led 
astray by such obvious fallacies as those alluded to, it is necessary 
to notice them as warnings to those who have still to go through 
the same education. The best method of learning to appreciate 
the class of appearances in question, is the comparison of the 
aspect of globules of Oil in water, with that of globules of Water 
in oil, or of bubbles of Air in water or Canada balsam. This com- 
parison may be very readily made by shaking up some oil with 
water to wnich a little gum has been added, so as to form an 

♦ This Was the appearance which gave rise to the erroneous notion ^at 
long prevailed amongst Microscopic observers, and still Ungers in the FupUc 
mind, of the tubular structure of the ffuman Hair, 
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tlii»-|f!aafi e&^ ^|Km wm, aad th.m moving tli^ 
1 tbaes oacikwardfl aim. forwards upoa the slide, ^pw 
Vpi^sadhamiatt^ is examined with a suffioieiitly high magnifying 
all the glohnles present nearly the same appearance, namely, 
maaigins with bri^t centres ; hut when the test of alteration 
0t Hie focus is applied to them, the difference is at once revealed ; 
fcr whilst the globules of Oil surrounded by water become darJcer 
as t3?c object-^ass is depressed^ and lighter as it is raised, those of 
water surrounded by oil become more lummovs as the object-glass 
is dmressed, and daAor as it is raised. The reason of this lies in 
the feet that the high refracting power of the Oil causes each ol 
it® globu^ to act like a double-cfmi7ea; lens of very short focus ; and 
as Hus will bring the rays which pass through it into convergence 
mhwe the globule (i.e., between the globule and the Objective), its 
bldglitest image is given when the object-glass is removed some- 
wlSt farther from it than the exact focal distance of the object. 
On the other hand, the globule of Water in oil, or the minute 
bedbble of air in water or b^sam, acts, in virtue of its inferior retrac- 
Hve power, like a double-cowcavc lens; and as the rays of thisdiverge^ 
from a virtual focus heJow the globule (t.e., between the globule and 
Hm mirror), the spot of greatest luminosity will be found by causing 
the object-glass to approach loiihin the proper focus. A thorough 
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masteiy of these appearances is veiy important in the study of the 
* protoplasm’ of Plants— -the ‘ sarcode’ of Animals, — which includes 
oil-paracles, together with spaces occupied by a watery fluid, 
which (having been at one time supposed to be void) are known as 
^ vaxjuoles.’ 

155. Among tbe sources of fallacy by which the young Micro- 
acopist is liable to be misled, one of the most curious is the movt - 
mewt exhibited by very minute particles of nearly all bodies that 
are sufficiently finely divided, when suspended in water or other 
fluids. This movement was first observed m the fine granular par- 
ticles which exist in great abundance in the contents of the PoUen- 
grains of plants (sometimes termed the/oviZZ«), and which are set 
free by crushing them ; and it was imagined that they indicated 
the possession of some special vital endowment by these particles, 
analogous to that of the Spermatozoa of animals. In the year 1827. 
however, it was announced by Dr. Kobert Brown that numerous 
oHifiir substances, Organic and ^organic, when reduced to a state 
of equally minute division, exhibit a like movement, so that it cannot 
be x^arded as indicative of any endowment peculiar to the fovilla 
gtimmes ; and subsequent researches have shown that there is no 
known exception to the rule that such motion takes place in the 
ppHoles of all substances, though some reejuire to be more finely 
mvided than others before they wifi exhibit it. Tbe closer the 
conformity between the sj^dfic gravity of the solid particles and 
that of the liquid, the less minute need be that reduction in 



‘wlu^ i#_a aeoeasary oo&dHio& oi &eST moyamant! amid 
tbus Oarmme, Iftdigo, or Gam^ge rubbed up with, water, sbuw it 
^xtretueiy well ; whilst the particles of Metals, which are from sevaa 
to^ tweaty times as^ heavy as water, require to be reduced to a 
minuteaess maji 3 r times greater, before ihey will exhibit it. The 
movemeat is chiefly of an oscillatory kind; but the particles 
also rotate backwards and forwards upon their axes, and gradually 
change their places in the field of view. The movement of l^e 
smailest particles is the most energetic, and the largest (exceediug 
l“5(^th of an inch) are quite motionless, whilst those of inter- 
mediate size move with comparative inertness. A drop of common 
ink which has been exposed to the air for some weeks, or a drop of 
fine clay (such as the prepared kaolin used by Photographers) 
ehaken-up with wa^r, is recommended by Prof. Jevons,^ who has 
recently studied this subject, as showing the movement (which he 
designates pcdoslB) extremely well. But none of the particles he 
has examined are so active as those of pumice-stone that has been 
ground-up in an agate mortar; for these are seen under the micro* 
scope to lea[) and swarm with an incessant quivering movement, so 
rapid that it is impossible to follow the course of a particle which 
probably changes its direction of motion 15 or 20 times in a second. 
The distance through which a particle moves at any one bound is 
usually less than l-5000th of an inch. This ‘ Brownian movement’ 
(as it IS commonly termed) is not due to evaporation of the liquid : 
for it continues, without the least abatement of energy, in a drop 
of aqueous fluid that is completely surrounded by oil, and is there- 
fore cut off from all possibility of evaporation ; and it has been 
known to continue tor many years in a small quantity of fluid en- 
closed between two glasses in an air-tight case. And, for the same 
reason, it can scarcely be connected with chemical change. But 
the observations of Prof. Jevons (loc. cit.) show that it is greatly 
affected by the admixture of various substances with water ; being, 
for example, increased by a small admixture of gum, while it is 
checked by an extremely minute admixture of suljmuric acid or of 
various saline compounds, these (as Prof. J. points out) being all such 
as increase the conducting power of water for Electricity. The rate 
of subsidence of finely-divided clays or other particles suspended in 
water, thus greatly depends upon the activity of their ‘ Brownian 
movement;’ for, when this is brought .to a stand, the particles aggre- 
gate and sink, so that the liquid dears itself. — In any case in which 
the motions of very minute j>articles, of whatever kind, are in ques- 
tion, it is necessary to make allowance for this ‘ molecular* move- 
ment; and the young Microscopist will therefore do well to 
familiarize himseff witn its ordinary characters, by the careful 
observation of it in such cases as those just named, and in any 
others in which he may meet with it.f 

* “ Quarterly Journal of Science,” N.S., Vol. viiL (1878), p. 172, 
t See also the Kev. J. Dolsaulx “On the Theimo-Bynamio Origin Of the 
Brownian Motions” in “ Monthly Joum, of Microsc. Sci.,’* Voh xviii, (1S77), 
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156* DiffracHon . — ^The course of Light-rays is altered not only by 
r^mdion when they pass from one transparent medium into 
UiUother^ and by reflexion when they fall on polished surfaces 
which they do not enter, but also by inflexion at the edges of 
oWects by which they pass ; and as the differently coloured rays 
which altogether make up white light are affected by such inflexion 
m different degrees, they are separated by it (as by refractive ‘dis- 
persion*) into coloured bands ; the phenomenon being altogether 
Known as diffraction. Tliis may bo made evident by causing a 
befpn of sunlight to enter a darkened room through a very narrow 
slit, and to fall on a wliite screen ; for the narrow line of white light 
will show a border of coloured fringes, which become wider as the 
slit is narrowed ; and if these fringes be viewed through a piece of 
coloured glass, which allows only rays of its own colour to pass, 
they* will appear as a succession of bands alternately bright and 
dark. This alternation is produced by the interference of the Light- 
waves ; just as the alternations of sound and comparative silence 
termed ‘beats,’ wliich are heard when two slightly differenttones are 
being sounded together, are dne to the interference of the Sound- 
waves.* The coloured fringes are produced by the superposition of all 
these bands. — When, again, a small opaque plate of any substance 
is interposed in the course of the pencil of solar light admitted into 
a darkened room through a very small hole in a card, or diverging 
from the point at which it has been collected by a convex lens of 
short focus, the shadow thrown by it on the screen will be sur- 
rounded by a series of coloured fringes, and the shadow itself will 
be larger than the geometrical shadow. — But, further, if a piece of 
glass Be ruled by a diamond with parallel lines, some hundreds or 
thousands to an inch, so as to form what is called a ‘ grating,’ and 
the narrow beam proceeding from the slit be looked-at through this 
grating (so held that the direction of its lines is parallel to that 
of the slit), a number of spectra come into view, ranged at nearly 
equal distances on both sides of the slit.f Now, it is manifest that 
when a beam of light is made to pass through an object that is 
being examined Microscopically, the light and shade in the picture 
seen by the eye must be occasioned by the greater or less trans- 
parence of the different parts of that obiect; and that, wherever 
there are definite lines or margins sufficiently opaque to throw a 
definite shadow, such shadow must be bordered more or less obvi- 
ously by ‘ interference’ or ‘ iliffraction’ spectra, especially in the 

p.l; and Dr. W. M. Ord “On aomo Cansoe of Brownian Movements” in 
** Jonm. of Boy. Microsc. Soc.,” Vol. ii. (1871)), p. CSfJ. 

♦ The colours of thin plates, — as seen when the sun shines on a soap-bubble 
CMT on a film of oil spread out over a surface of water — or when we look at a 
window through two glasses separated by an attenuated film of air,— aro 
familiar examples of ‘interference-fringes,’ which, when displayed anniilarly, 
are known as ‘Newton’s rings.’ 

f Such ♦ gratings’ are now much used in Spectroscopic observation ; and 
afford the best moans of determining the wave-lengths of the mys of the 
several {Murts of the spectrum. 
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case of objects having strongly^marked lines with very transparent 
intermediate spaces. There are many objects of great delicacy, in 
which ‘ diffraction-bands* are liable to be mistaken for indications 
of actual substance ; whilst, on the other hand, the presence of an 
actual substance of extreme transparence may Sometimes be doubted 
or denied, through its image being attributed to diffraction. No 
rules can be given for the avoidance of such errors ; since they can 
only be escaped by the discriminating power which education and 
habit confer on the experienced Microscopist. — A good example of 
this' kind is afforded by the minute beading presented in the scales 
of the Gnat and Mosquito (Fig. 110). These scales are composed 
of a very delicate double membrane, strengthened by longitudinal 
ribs on either side, those of the opposite sides uniting at the broad 
end of the scale, where they generally project as bi-istle-like appen- 
dages beyond the intermediate membrane ; and they are crossed 
transversely by fine markings, which are probably ridge-like corru- 
gations of their membrane, these also existing on both surfaces of 
the scale. The attention of Dr. Woodward having been drawn by 
Dr. Amtliouy to the presence in these scales of ihrec uniform parallel 
rou)8 of heads in every interspace between two adjoinmr/ rihSf he 
was at first inclined to believe that the markings are real, repre- 
senting an actual structure in the scale ; but having obtained an 
excellent Photograph of it by monochromatic sun-hght, under a 

Fio. 116. 



Scale of Gnat showing beaded markings ; x>botogi’aphed by Dr. Woodward. 


power of 1,350 diameters, he was led to alter his opinion, and to 
regard them as produced by the crossing of the transverse markings 
by longitudinal diffraction-lines t conditioned hj the longituMnal ribs 
and parallel to them* His chief reasons for so regarding them 
were (1), that ** the longitudinal diffraction-lines are clearly seen 
alike in the Microscopic image and in the Photographs, to extend 


* Monthly Microsc. Joum.,” Vol. xv. (1876), p. 263. 
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** into empty space beyond the contour the scales almost as far as 
**iike ends ot the bristles in which the parallel ribs terminate and 
*^that they vaiy in number with varying obliquity of illumi- 
“ nation, so that in the same scale two, three, Four, and five rows of 
beads can be seen, and photographed at pleasure, in every inter- 
costal space.” The tme ajmearance, Dr. Woodward considers, is 
given when the Achromatic Condenser is so adjusted that its light 
is either central or slightly oblique in the longitudinal direction of 
the scale. 

157. The recent researches of Prof. Abbe of Jena appear to have 
conclusively proved that Diffraction has a most important share, 
previously altogether unsuspected, in the formation of the 
Microscopic images of very closely approximated lines or other 
markings, in objects viewed under high magnifying powers of large 
Angular aperture. — All that has been hitherto said of the formation 
of Microscopic images, relates to such as are produced, in accord- 
ance with the laws of refraction, by the alteration in their course 
which the Light-rays undergo in their passive through the lenses 
interposed between the object and the eye. These cUo^^tric images, 
when formed by lenses free from Spherical and Chromatic aberra- 
tion, wcQ geometrically correct jficturcs, truly representing the appear- 
ances which the objects them selves would present, were they enlarged 
to the same scale, and viewed under similar illumination. And 
we are fully justified, therefore, in drawing from such Microscopic 
images (provided that they arc free from diffraction- spectra) the 
same conclusions in regard to the structure of the objects they pic- 
ture, as we should draw from the direct vision of actual oftects 
having the same dimensions. There is, however, an optical umit 
as to the completeness of such images in regard to minute detail; 
as it appears from the theoretical researches of Profrs. Heknholtz 
and Abne, that no amount of magnifying power can separate 
dioptrically two Hnes, apertures, or markings of any kind, not more 
than 1 •2500th of an inch apart. The visual separation or ‘ resolution’ 
of more closely approximated lines or other markings is entirely 
the result of diffraction ; the Objective receiving and transmitting, 
not only the ordinary dioptric rays, hut the ‘ inflected’ rays whose 
course nas been altered in their course throicgh the object by some 
peculiarity in the disposition of its particles. These rays, when 
acted-on by the Objective, produce ‘ dinraction-spectra the number 
and relative jiOBition of ’s^ch bear a relation to the structural 
arrangement on which their production depnds. If the Objective 
be perfectly corrected, and all the diffraction-spectra lie within its 
fim, Idiey will be re-united by the Eye-piece to form a secondary 
or ‘Effraction* image, lying in the same local plane with the diop- 
tric image, and coinciding with it, while filling up its outlines by 
supplying intermediate details, ^ But wh^e the markings (of what- 
ever natoe) ^ so closely approximated as to produce a wide disper- 
sion of the interference-spectra, only a p£^ of them may fall 
within the range of the Objective ; and the re-comhination of these 
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may produce a djffraotioa-iiiiage differing more or less completely 
(perhaps even totally) from ^he real structure; whilst, 5 they 
should lie entirely outside the field of the Objective, no secondary 
or diffraction-image will be produced. Thus, whilst the dioptne 
image represents the actual object, a diffraction-image form^ by 
the reunion of some of the interference-spectra is oxdj an optical 
expression of the result of their partial re-combination, which may 
represent something entirely different from the real structure;-'- 
the same arrangement of lines (for example) being presented tOj|he 
eye by dlfferetithj-lmcd surfaces, and different arrangements hy 
similarly-lmed surfaces, according to the numbers and positions of 
the re-united spectra.* — This doctrine, originally based on elaborate* 
theoretical investigations in connection with the ‘ Undulatory 
Theory of light,’ has been so fully borne out by experimental 
inquiries instituted to test it, and is in such complete harmony 
with the most certain experiences of Microscojusts, that its truth 
scarcely admits of doubt. Although any attempt to explain its 
theory in a Treatise like the i>res 0 nt must necessarily be altogether 
futile, yet a selection from the experiments by which Prof. Abbe 
has verified it, will not only assist in the comprehension of the 
doctrine, but will enable every Microscopist to satisfy himself of 
their correctness. 

A ‘grating’ should be provided, ruled alternately with long and 
with short lines, as in Fig. 1 17, a ; the lines beingtraced with a diamond- 
point on a film of silver of extreme tenuity deposited on a thin-glass 
cover ; and the ruled surface being cemented to an ordinary glass slide 
with Canada balsam. f The ‘ adapter’ ordinarily used for rotating tlie 
analysing prism of the Polariscope between the Objective and the 
Microscope -body, should be fitted with a small tube for the introduction 
of diaphragms with varied slits, so that these may be rotated immediately 
behind the back combination of the Objective. — The ‘ grating’ being 
placed on the Stage of tho Microscope, illuminated from the mirror, and 
focussed under a 1-iiich Objective, so as to show the ordinary microscopic 
image of its ruled surface as at a, the oye-piece is removed, and the 
server, looking into the body of the instrument, and changing the place of 
his eyes, sees two rows of spectra, each having a central circle, with ovals 
on either side of it (c). The central circle is bright and colourless ; while 
each of the ovals shows the colours of the solar spectrum, with the bine 
always towards the centre. These ovals are ‘ diffraction-spectra of whicli 
the four closely approximated pairs in tho upper row are formed by the 
wider lines of the single ruling, and the two pairs in the loifferrovr 
(which are at double the distance of the preceding) by the closer lines of 
the double ruling. 

* Tlie reader may, perhaps, bo aided in comprehending Prof. Abbe’s doctrine 
by the following analogy; — When a solar spectrum is projected by aiwism 
on a white surface, its entire re-cembination by a convex Ions will reproamse a 
beam of white light. But, if only certain parts of the spectrum be thus recom- 
bined, the beam will liave a colour dependent upon the selection. 

t In the grating used by Mr. Stephenson (“Monthly Mioroso. Jornm.,” 
Vol. xvil, p. ^), the lines in the upper half were.about 1,7‘JQ to tlie toch, and in 
the lower about 3,580. 
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^wpiog tib0 ocmbinatkms of ike i(i|lfractioa*spcctra, the lineafcioai ehowe 
III WSCicwMicopic image of the ruled sutfaee may he |iartially or com- 
|ii(i^y dbmged* ^ 

Jtmenment 1.— If, in the first place, a diaphragm With a eingle dia- 
toeinc slit (b) be so placed immetl lately hehiod Uie Objective, that the 
etit hparmd to the direction of the ruled lines— thus giving paeaage to 
th^direct raye forming the dioptric image, but excluding all diff^tion- 
epectra — the field seen through the replaced eye-piece shows m linmtioii 
tt^/iOlever, the ' grating’ being replaced by a jdam silver band. Yet, if 
the diaphragm be turned a quarter round, so that the slit lies transversely 
to the lines, and admits the pairs of diffraction-sfiectra in each row that 
He nearest the centre, the hneation r€a])p( a> s, as it actnally is in the grating. 

Experiment 2.~If, now, a diaphragm bo used having three slits (k), 
of which the central admits the direct rays only, while the two lateral 
receive the first pair of the wider spectra and the second pair of the 
closer, it will be found, on replacing the eye-piece, that the whole field is 
mvered with the closer lines, as at F. For the stoppiiig-out of the alternate 
spectra of the upper senes brings into combination only that pair which 
ootresponds with the lower, and therefore makes the apparent hneation 
of the upper half correspond with the real hneation of the louder, by the 
introduction of an intermediate set of spectral llnesy scarcely distinguishable 
from those of which they seem to be prolongations. 

Exp^ment 3.-~Further, by carrying the two lateral slits (as at H) to 
the oistance of the extreme spectra of both rows — which distance re- 
ptrosents that of the spectra that would be produced by a lineation twice 
as close as that of the lower half of a, and four times as close as that of 
the upper half'— the entire Held, when the eye-piece is replaced, is seen 
to be covered with the doubly-close lines corresponding to that distance, as 
shown at I. 

Experiment 4, — On the other hand, by using a single ajierture shaped 
as in p, which is broad enough to admit the innermost pair of spectra 
in tho upper row, but not to admit any of the spectra of the lower row, 
tihe field, when the eye-piece is replaced, shows the wide lines (o) of the 
upper half of the grating, whilst its lower half is perfectly blank. 

It has thus been experimentally demonstrated that the formation 
of the true image ot the grating is dependent upon the normal 
re-combination of its diffraction-spectra, while the entire exclusion 
of tiiese altogether obliterates the lineation. And we thus have 
now for the first time the scientific rationale of the fact which has 
long been practically known — the relation of the ‘ resolving power’ 
of Objectives to their Angle of aperture. For it is obvious that 
since the * inflected’ rays which form the ‘ diffraction- spectra’ di- 
verge more and more widely in proportion to the approximation of 
the lines that separate them — so that those spectra (as already- 
shown) are carried apart to greater and yet greater distances — the 
separation of those of a very close lineation may be such as to 
carry them completely beyond the aperture of an Objective which 
may take-in the spectra of a more open lineation (Kxper. 4). And 
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thus an OhjectiTe may be able clearly to separate lines of 50,000 
to an inch, from whicn no amount of * coaxing* by oblique or any 
other kind of illumination can obtain a resolution of lines of 80,0()0 
to an inch. — But further, it has been made clear that most distinct 
‘ epectraF lines can be produced in the Microscopic image, by the 
re-combination of selected pairs of diffraction*spectra, without any 
real lines answering to them; and hence, that the images thus formed 
cannot be regarded as indicative of the actual structure of the 
objects they represent ; the grating, for example, whose real linea- 
tion is shown at a, being made to appear (according to the manner 
in which it is viewed) cither entirely blank, as half -blank (g), as 
linving the intermediate lines of its lower half extended over its 
upper (p), or as having its whole field covered with lines at only 
half the distance of those of its closest part (i). The same effects 
of obliteration or duplication of lines may be produced on such 
objects as the scale of Le^pisma saccharinn (Fig. 41 7), by using higher 
powers with suitable diaphragms. — It will now be shown that the 
variations producible by similar treatment in the* appearances of 
t'nm-lined objects, are yet more remarkable. 

A grating with lines crossed at any angle may be prepared by cement* 
ing a cover-glass, with one set of lines ruled through a silver-nlm on its 
under side, upon a glass slide having another set ruled on a silver-film 
on its upper surface. If the two sets of lines are placed at right angles 
to each other, a rectangular grating is the result (n) ; if at any oblique 
angle, the grating is rhombic (k). 

If the square crating be focussed, and its image examined by looking 
into the tube of the Microsco]>e without the eye-piece, the diffraction- 
spectra will exhibit the regular arrangement shown at R ; the round 
image being in the centre of the field, and the ovals being disposed in 
five rows at equal distances. 

JEai^riment 6. A diaphragm being interposed (l) with an oblique slit 
just large enough to admit the central circle and one of the diffraction- 
spectra, and the eye-piece being replaced, the real rectangular lines will not 
Ike seen at all, but the field will be traversed by oblique spectral lines (o), 
whose direction is at right angles to that of the slit. 

If the image of the rhombic grating be examined in the same manner 
as that of the square, it will exhibit the arrangement shown at p (the 
dotted inner circle beii^ here disregarded). 

Eseperinunt 6. By using a diaphragm with a single slit in the direction 
of one of the di^onals of the rhomb, a Microscopic image will be pre- 
sented from which both sets of real lines are entirely absent, whilst a single 
set of spectral lines is seen, whose direction is at right angles to the slit, 
that is, in the direction of the other diagonal. 

Experiment 7. Again, by using a diaphragm with two slits at right 
angles to each other (q), the Microscopic image wUl show Hoo sets of spu- 
rious lines crossing one another at right angles (m), in the directions of the 
two diameters of the rhomb, ike real lines being altogether invisible. 

Experiment 8. A very singular effect is produced by the use of a single 
oiroular diaphragm, whose aperture is reduced so as only to include tiie 
six iqc>eotral ovaki lying within the dotted circle at P ; for on then 
the eye-piece, Sie entire field is seen to be marked-out in hexagons. 
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Kow if a valve of Plewrod^a angulatum be focussed' with centra! 
illutninatioa under an Objective of sufficiently high power and large 
iqiertare, and the eye-piece be removed, there will be seen on looking 
down the body a bright central beam, with six coloured spectra arranged 
round it, — just as in the interior spectrum (p) of the rhomboidol grating; 
the reason that no other spectra are seen, being, that the approxima* 
tion of the mai kings carries these six B|)ectra to the extreme border of 
the field of even the largest-angled Ohjective. An Objective of smaller 
angle will not show them at all with central light ; but if oblique light bo 
used, the circular beam is carried to one margin, and a single spectral 
oval is seen at the other; and the re-combination of these suffices to 
make one set of lines visible. Again, by re-combining, by means of ap- 
propriate diaphragms, any three of tne spectral ovals, or any two of 
these with the central beam, the very same part of the valve may be 
made to show a great variety of appearances — such as are actually seen in 
different parts of the same valve under the same illumination (Fig. 166).* 

The foregoing experiments, then, entirely confirm the general 
conclusions drawn from those of tho previous series, (1 ) as to the 
entire distinctness in character between the images Dioptrically 
formed of tho general ontlines and It^rger details of Microscopic 
objects, and the representations of their finer details which result 
from the reunion of their Interference-spectra ; and (2) as to the 
very limited trustworthiness of the latter, when the minuteness 
of tne structure occasions such a wide separation of the ‘diffraction- 
spectra,’ as limits the number thus combined. — Thus it becomes 
clear (1 ) that the ‘ resohnng power’ by which closely-approximated 
lines or other markings are Beparfited, increases (tho completeness 
of the corrections for Spherical and Chromatic Aberration being 
presupposed) with tho Amjular Aperturef of the Objective ; and (2) 
that, as there is a like increase in the number of separate diffraction 
spectra which can ho combined with the dioptric image, the repre- 
sentations of miuuto structure given by Objectives of widest An- 
gular aperture are more trustworthy than those given by. those of 
narrower. 

158. lielative Qualities of Objectives. — In estimating the com- 
parative values of different Objectives, regard must always be had 
to the purpose for which each is designed ; since it is impossible 
to construct a combination which shall be equally serviceable for 
cvei'y requirement. It is commonly assumed that an Objective which 

* Seo tho original Memoir by Prof. Abbe, ‘BeitrUgo zur Theorio des Micro- 
scopes,’ in “ Archiv flir Microscop. Anatomie,” Bd. ix. (1874), p. 418; Dr. 
H. E. Pripp’s translation of it in the “Proceedings of tho Bristol Katu- 
ralista’ Society,” N.S. Vol. i., part 2 (1875) ; extracts from Dr, F ’b translation 
in “ Monthly Microsc. Jouru.,” Vol. xiv. (1«75), pp. 191, 245; also Mr. Stephen- 
son’ J ‘ Observations’ thereon — to which the Author has been specially indebted 
— w. ctt., Vol. xvii. (1878), p. 82; and Mr. F. Crisp “On the Influence of 
Diffraction in Microscopic vision,’' in “ Journ. of Quekett Club,” Vol. r., p. TV. 

t The terra Angular Aperture is to be understood as differentiated from “Angle 
of Aperture” (§ 19), by the allowance made for the modification in the course 
of the rays, by the medium — whether Air, Water, Glycerine, Balsam, or Oil- 
through which they pass in their course from the object into tho Objective. 
(See Appendix.) 
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•will show certain Test^ohjeefs, mnst be very superior for everything 
eW to a gl^s which wiU not resolve these ; but this is known to 
praised Microscopist to be a complete mistake, the qualities 
which enable it to resolve some of the more difficult ‘ tests,* not 
Ijy any means identical with those which make it most useful 
ha all the <nnhnary puiposes of Scientific investigation. Five dis- 
trict atkibutes nave to be specially considered in judging of the 
CpiiiSraeter of an Object-glass, viz. — {!) its working-distance, or actual 
inlf^lfval between its front lens and the object on which it is focussed ; 

its dining power ^ or power of giving a clear and distinct image 
it AH well-marked features of an object, especially of its boundaries ; 
{$) ii» peneiraMr^ pmoer^ or focal depth, by which the observer is 
exiled to look info the structure of objects ; (4) its resoh mg power, 
by which it enables closely-approximated markings to be distin- 
gttished ; and (5) the ^rt^??.ess of the field which it gives. 

I. The ‘ Working distance* of an Objective has no fixed relation 
to its ‘focal length;* the latter being estimated by its equality in 
magnifying power with a single Ions of given curvature while 
the former varies with the mode in which the combination is con- 
structed, and with the angular aperture given to it. Of two 
Objectives of 1-inch focus and the same angle of aperture (say 25^), 
one may have, in virtue of its construction, a much longer ‘ working 
distance* than the^ other ; and this is not only an advantage in 
facilitating the side-illumination of opaque objects, but also in 
admitting (as will presently appear) of greater ‘focal depth’ or 

* pcpotration,* But it is especially in the case of high powers, that 
"working distance’ comes to be of essential importance. The 
mdening of angular aperture which is required to give them their 
highest degree of ‘ resolving’ power (iv.) necessitates a very close 

qf the front lens to the object ; and whilst it is an 
•absolute^ necessity that the interval should be sufficient for the 
interposition .f a cover of the thinnest glass, or (if this be inad- 
missible) of a film of mica, every addition to this interval is a clear 
gam, not only m convenience of working, but also in regard to the 
; penetrating power (nr.) of the Objective.— The increase of ‘ work- 
ing distance* obtainable by the use of the Immersion system, is 
b/ no mems the least of its advantages. 

JZ The ^DeBning power * of an Objective depends upon the co^n- 
pieimm of Us corrections for Spheried and Chromatic aberration 
M5), especially the former ; and it is an attribute essential to 
the satisfactery performance of anij Objective, whatever be its 
oQier qualiUes. Good definition may be more easily obtained wilii 

• Owing to Ibe want of some common standard. Objectives constructed by 
iMerent Makers of the same Twminal focal length, often differ considerably 
froin eacb other in magnifying power; and the proportional amplification ^ven 
by the different Ohiectives of any one Makers series is often very different 
nW that indicated hy their nomenclature. It is therefore greatly to be wished 
that some uniform standard could be agreed on ; such as that of Ma^pifying 
power under an Eye-piece of definite focal length, at a fixed distance nrom the 
ObjwUve* 
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lenses of aimU or ^derate, than with lenses of large angular aper* 
ture ; and as it is impossible to construct * dry * Objectives of very 
wide angle, without some sacrifice of perfect correction (Abbe), 
there is a lunit which, where * definition ^ is of primary importance, 
cannot be advantegeously passed. On the immersion system, how- 
ever, and esi^iaily on the ‘homogeneous immersion* system 

a 19, 20), Obj^tives can be constructed of very much wider angle, 
bout any injurious sacrifice of definition arismg from inad.e^t'^te 
correction. But here there comes-in another source of impairmenV- 
the difference m the perspective views of eve}*y object not a mere 
maHeal point or Une, which are received through the different pdrts 
of the area of the Objective. The picture given by the entire area is 
— so to spe^ — the ‘ general resnltant * of the dissimilar jnctnires 
received through these several parts and as this dissimilarity 
obviously increases with the angle of aperture of the O^ec- 
tive, its defining power vmst be proportionally impaired. This 
theoretical conclusion has been experimentally verified by Dr. 
Royston Pigott ; who has found that by comparing Objectives of 
large with those of moderate apertures, on such objects as the cracks 
in Mr. Slack^s silica-films (§ 152), or the aerial image formed by the 
Achromatic Condenser of a hair stretched before the light at some 
distance, the advantage was decidedly on the side of the latter. He 
has shownf “ that the black margins or black marginal annuli of 
“ refracting spherules constantly displayed by small aperture Ob- 
“ jectives, are attenuated gradually to invisibility as the apertures 
“ are widened to the utmost ; that the black margins of cylinders, 
tubules, or semi-tubules, also suffer similar obliterations ; and that, 
“ in consequence, minute details are concealed or destroyed tUl the 
** aperture is sufficiently rcducedl* — It is also the experience of Messrs. 
Ballinger and Drysdale, that for the definition of the immcasurably- 
miuute reproductive granules of the Monadme forms whose life- 
history they have studied (§ 418), or of the flagella of Bactrinm tenno 
(§ 305), which maybe characterized as the highest feats of Biological 
Microscopy yet performed, moderate angles of aperture are imques- 
tionably te be preferred (vi.). — ^An experienced Mioroscopist will 
judge of the defining power of an Objective, by the quality of the 
image it gives of any fitting object with which he is familiar ; no 

♦ This point has been long kept before the mind of the Author, by his 
studies in Stereoscopic Microscopy ; the condition of the effect of relief in the 
Binocular image, being the dissiniilarilf/ of the pictures of any object not abso- 
lutely flat, that are formed by the right and the left halv(js of the Objective 
respectively (J 89). And he is glad to find his view of its importance con- 
firmed 60 by able a practical Optician as Mr. Zentmayor ; who, iu a Lectui*e 
^ on the Elementary Properties of Lenses, published in the “Journal of the 
Franklin Institute” for May and June, 1876, and cited in the “Monthly 
Microscop. Joum.,” Vol. xvi. (1876), p. 317, called attention prominently 
to the confusion qf images necessarily attendant ugmn large ^ apertures^ exce^ 
when viewing absohUely fat objects^ from the fact that the image formed by 
pencils transmitted by one side of the lens are unavoidably different from 
corresponding ima^s formed by the opposite side of the lens._^ 
t “Proceedings of Royal Society,” June 19, 1879. 

O 



in. Tlie Penetrating power or ‘focal depth’ of an Object-glass 
may be defined as consisting in the vertical range through which 
the parts of an object not preciAchj in the focal plar^e may be seen 
with sufficient distinctness to enable their relations with whatdloe^ 
lie precisely in that plane to be clearly tracod-out ; just as we coidd 
do by ordinary vision, if the object were itself enlarged to the size 
of its Microscopic image. — Now this is a quality which is very 
differently valued by different observers, according to the nature 
of the work on which they may be severally engaged. The Histo- 
logist who is scrutinizing the elementaiy components of a tissue 
that is spread-out in the thinnest possible film between two plane 
surfaces of glass, ct)nsiderK ‘penetration’ rather an evidence of 
iniperfectlon in his Objective, which (he affirms) cannot show him 
anything save what is e,vncthj in the local plane, without a sacrifice 
of its highest attainable capacity for doing the latter. On the 
other hand, the Anatomist who is studying the general organi- 
zation of some minute Plant or Animal, or the structure of mdi- 
vidual organs in a larger one, finds a certain amount of ‘penetration’ 
essential to his recognition of the relations between the several 
parts of the object wjhich are successively brought into distinct 
view by alterations of the focal adjustment. And the Physiolo^st 
who is watching the actions that are going on in a living Orgamsm 
or in some component part ,of it (as, for example, the internal 
movements of an Amcoha, or the cydosis in a leaf-cell of FaZ/iV 
nei'ia) could form no satisfactory conception of such phenomena, 
if, instead of passing gradationally (as an Objective of good 
‘ penetration’ allows him to do) from one focal plane to another, he 
can only get a series of ‘ dissolving views’ with an interval of 
‘ chaos’ between each, as he does when working with an Objective 
whose ‘penetration’ has been sacrificed to An^lar aperture. — For 
the study of opaque objects which present such inequalities of sur- 
face as to render it impossible to apprehend their true forms unless 
much more can he seen thmi is precisely in focus at once, good 
^ penetrating* power is obviously essential ; and this is indisp^- 
sahle to the advantageous use of the Stereoscopic Binocular, which 
grossly exaggerates the effect of frojection, when objects are 
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viewed xmder Objectives of too wide m an^le (§ 39). — No definite 
rule can be laid down as to tbe relation whicb ttie * focal depth’ ot 
an Objective bears to its ‘ working distance’ and its ‘ angular aper- 
ture ;* because much depends upon tbe mode of tbeir construction. 
But it may be stated generally that Objectives of longest working 
distance nave the greatest ‘ penetration whilst the widening 
of the Angular aperture diminishes penetration at a rapidly 
increasing rate.* 

IV. The ‘ Resolving power by whicb very minute and closely 
approximated markings — whether lines, striae, dots, or apertures — 
are separately discerned, has now been clearly shown to depend 
upon Angular aperture (§ 157); and this, not so much — as formerly 
supposed — ou account of the greater obliquity of the rays whicn 
large-angled Objectives will admit, as because of their capacity to 
receive and recombine the ‘ diffraction-spectra’ that lie without 
the range of Objectives of more limited angle. In comparing 
‘resolving’ powers of different Objectives, it must bo borne in mind 
that the advantage of wide aperture will bo lost, if the obliquity of 
the illuminatiou does not correspond with that of the most diver- 
gent rays which enter the Objective to take part in the formation 
of the image. But when the question is not of the resolution 
of surface-markings (such as those of Diatom- valves), but of the 
determination of internal structure (as, for example, in the study 
of the process of division in cell-nuclei), axial illuminatiou is de- 
cidedly to he preferred, as being attended with less liability than 
oblique to produce deceptive appearances. —It appears from the 
theoretical researches of Brof. Abhe, that the maximum attainable 
resolving power with an Angular aperture of 180^ should separate 
118,000 Hues to the inch ; and this agrees well with what has been 
actually accomplished (§ 160). But the loss of ‘ resolving’ power 
consequent upon the contraction of the aperture from 180° to 128'J° 
is only 10 per cent. ; while a further reduction to 106J° only lowers 
the number of separable lines to 94,400 per inch. 

V. The ‘ Flatness of the field’ afforded by the Object-glass is 
a condition of great importance to the advantageous use of the 
Microscope, since the real extent of the field of view practically 
depends upon it. Many Objectives are so constructed, that, even 
with a perfectly flat object, the foci of the central and of the peri- 
pheral parts of the field are so different, that when the adjustment 
18 made for one, the other is extremely indistinct. Hence, when the 

♦ The Author is informed by Prof. Abhe, tluit, theoroticftlly— -the plan of 
construction remaining the same — ^the ‘penetration’ of an Objective decreases, 
as the square of the Angular aperture increases. — It is perfectly well-known 
to Photo^phers, that a good picture of the interior of a long Sculpture- 
gallery, snowing both the near and the distant parts with tolembU^ distinctness, 
can only be obtained by a lens of rcry narrow angle. — The singular assertion 
lately mide by Dr. Blackham “(On Angular Aperture of Objectives,” Kew 
York, 1880), that ‘ depth of focus, has no relation to Aperture, out depends 

residual” (<.«., uncorreeted) Spherical Abenution, and that “ the less tho 
lens has of it, the better the lens,” does not require serious refutation. 

o 2 
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beiag looked a4 no more information is gained 
tii6 peripheral, than if it had been altogether i^&pped 
TOth a really good Object-glass, not only shonld the image 
^ distinct even to the margin of the -field, but the marginal por- 
should be as free from colour as the central. In many Micro- 
of inferior construction, the imperfection of the Objectives 
in mis respect is masked by the contraction of the aperture of the 
dmfdiragm in the Eye-piece (§ 27), which limits the dimensions of 
the field ; and the performance of one Objective within this limit 
may scarcely be distinguishable from that of another, although, if 
the^ two were compared under an Eye-piece of larger aperture, 
their difference of excellence would be at once made apparent by 
the perfect correctness of one to the margin of the field, and by 
the entire failure of the other in every part save its centre. In 
estimating the relative merits of two lenses therefore, as regards 
tWs condition, the comparison should be made under an Eye-piece 
giving a large field. 

VI. The most perfect Objective for general purposes, is obviously 
that which combines all the preceding attributes in the degree in 
which they are mutually compatible. But it seems to be now 
dear that the highest perfection of thc^ two primary qualities, 
‘ defining’ power and * resolving power,’ (lannot be obtained in the 
same combination ; so that the choice between two Objectives, one 
distinguished by the former of these attributes, and the other by the 
latter, will depend upon the kind of work on which it is to be em- 
ployed. If the resolution of the markings on Diatom-valves is the 
Microscopist’s special pursuit,* he will rightly prefer an Objective 
of the largest attainable angle, with the best definition that is com- 
patible with it. But if he be engaged upon difficult Biological investi- 
gations, he will do well to make perfect ‘ definition’ his sine gud 
non, and to be content with the largest angle that can be obtained 
without a sacrifice of this. It is, as already stated, in admitting 
of jferfect correction for Spherical Aberration, even to an aperture of 

♦ It is assuredly neither the ow/?/ nor yet the chif/ work of the Microscoj>o 
(as some appear to suppose) to resolve the markings on the siliceous valves of 
JHatotm; m fact, the interest which attaches to observations of this class is 
entirely contiwed to the value of these objects as ‘ testa’ of the performaiic.e of 
Objectives (§ 150). If one-tenth of the attention which has been devoted to 
the scrutiny of these objects with instruments of the highest class, liad been 
^vento the study of the Life-history of the minute Idants which furnish 
them, with such a Student’s Microscope as thirty years ago enabled Mr. 
Thwaites to discover their ‘ conjugation,’ it cannot bo "doubted that vast benefit 
would have accrued to Biological Science,— It has been urged that the acquire- 
ment of the power of displaying ‘difficult’ Diatom-tests, is a valuable ‘gym- 
nastic* for the training of Microscopists ; but the experience of the Author, 
and of every Biological Teacher he knows, is that a much better training for 
the Student is to begin with the study of such easy objects— c./; , the Yeast- 
Haal and Colourless Blood-corpuscles, — as afford him the experience which 
it is absolutely essential that he should acquire in the first instance, and to 
proceed gradually from these to the more difficult, gaining new knowledge at 
every stage. 
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180®, that the great sujjeriority of the * immeMoa system’ consists ; 
bat the greatest perfection in the construction of even an immersion 
Objective, cannot (in the nature of things) prevent that impairment 
of definition, which has been experimentally as well as theoretically 
shown by Dr. Boyston Pigott to be consequent upon excessive 
widening of the angle of aperture. 'The moat serviceable Objectives 
for the most difficult Biological investigations, therefore, will (in 
the Author’s judgment) be such as possess the combiuation of 
qualities attribute by Mr. Dallinger to the 1-35 inch constructed 
specially for his work by Messrs. Powell and Lealand ; the angle 
is moderate ; its definition very crisp and clear ; and its penetra- 
tion, considering its magnifying power, very considerable.” 

159. TeeUOhjects. — It is* usual to judge of the optical perfection 
of a Microscope by its capacity for exhibiting certain objects, which 
are regarded as TmU of the merits of its Object-fjlasses ; these tests 
being of various degrees of difficulty, and that being accounted the 
best instrument which shows the most ‘ difficult ’ of such tests. 
Now it must be borne in mind that of the qualities which have 
been just enumerated, the ‘ tests’ usually relied-on have reference 
almost exclusively to two — viz., definition and remlvin{f ponder; 
and that the greater number of them, being objects whose surface 
is marked by lines, strim, or dots, are tests of resohing power, 
and thus of Angular ajierture only. Hence, as already shown, 
an Objective may resolve some very difficult test-ohjecftt, and yet 
may be very unfit for ordinary use. Moreover, these ‘ difficult ’ 
tests are only suitable to Object-glasses of very short focus and 
high magnifying power ; whereas the greater part of the real loorh 
of the Microscope is done with Objectives of low and medium 
power; and the enlargement of tne Angular aperture, which 
enables one of these to resolve (under deep Eye-pieces) many objects 
which were formerly considered adequate tests for higher powers, 
is for ordinary purposes rather injurious than beneficial, detracting 
from the value of the Objective for the work to which it is specially 
adapted. For Microscopists of large Biological experience know 
perfectly well that every ‘ power’ has its own proper range and 
capacity ; and that they work most satisfactorily with the 
‘power’ most suitable to the investigation on whicli they may 
be engaged. In estimating the value of an Object-glass, it should 
always be considered for what purpose it is intended ; and its 
merits should be judged-of according to the degree in which it 
fulfils that purpose. We shall therefore consider what are the 
objects proper to the several ‘powers’ of Object-glasses — low, 
-nvedium, and high; and what are the objects by its mod^f exhibit- 
ing which, each may be fairly judgedl 

I. By Objectives of low power we may understand any whose 
focal lengtn is greater than Halfimi-inch. The ‘ powers ’ usually 
made in Hiis country are known as 4 inch, 3 inch, 2 inch, inon, 
1 inch, and 2-3rds inch focus ; and they give a range of amplifica- 
tion of from 10 to 70 diameters with the A eye-piece, and of from 
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16 to 120 diameters with the B eye-piece. An ‘adjustable’ low power 
ie made by Zeiss of Jena (obtainable from Messrs. Baker), in which, 
by varying the position of the front-lens by means of a screw-collar, 
a rmge of power is obtainable from abont 8 to 16 diameters with 
ihe A eye-piece, and from 12 to 24 with the B eye-piece. This 
has been found by the Author extremely convenient for the display 
of large opaque objects, of which it is desired to show the whole 
under as hign an amplification as will make their images fill the 
field. Objectives of low power are most used in the examination of 
opaque Objects, and of Transparent objects of large size and of 
comparatively coarse texture ; and the qualities most desirable in 
them are a sufficiently large aperture to^ give a hriglit image, com- 
bined with such accurate definition as to give a clear ima^e, with 
‘ focal depth ’ sufficient to prevent any moderate inequahties of 
surface from seriously interfering with the distinctness of the 
entire picture, and with perfect ‘ flatness ’ of the image when the 
object Itself is flat. For the 3 inch, 2 inch, or 1 1 inch Objectives,^ 
no ground of judgment is better than the manner in which it 
shows such an injected preparation as the interior of a Frog’s 
Lung (Fig. 485) or a portion of the villous coat of the Monkey’s 
Intestine (Fig. 479) ; for the aperture ought to be sufficient to 
give a bright image of such objects by ordinary dhyHght, without 
the use of any illuminator ; the border of every vessel should be 
clearly defined, without any thickness or blackness of edge ; every 

S irt of such an object that comes within the field should be capa- 
e of being made-out when the focal adjustment is adapted for 
any other part ; whilst, by making that adjustment a medium one, 
the whole should be seen without any marked indistinctness. If 
the Aperture be too small, the image will be dark : but if it be too 
large, details are brought into view (such as the separateness 
of the particles of the vermilion injection) which it is of no advan- 
tage to see ; whilst, through the sacrifice of penetration, those parts 
of the object which are brought exactly into focus being seen with 
over-minuteness, the remainder are enveloped in a thick fog 
through which even their general contour can scarcely be seen to 
^ loom. If the corrections be imperfectly made, no line or edge 
will be seen with perfect sharpness. For Defining power, the 
Author has found the Pollen-grains of the Hollyhock or any other 
flower of the Mallotu kind (Fig. 277, a) viewed as an opaque object, a 
very §ood test ; the minute spines with which they are beset being 
but dimly seen with any save a good Object-glass of these long 
foci, and being reolly-well exhibited only by adding such power to 
the Eye-p^e, as wifi exaggerate any want of definition on the part 
of an iniOTior lens. For Flatness of field no test is better than a 
section of Wood (Fig. 253) or a large Echinus-spine (Fig. 369), 
under an Eye-piece that will give a field of the diameter of from 

* These ere ordinarily composed of two pairs of lenses only, as thecorrectionB 
can be adequately made by this combination for an Angular aperture of 29% 
which is m lar^st that is found practicaJly useful for the l|-inch. 
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^ to 1*2 inches. The general performance of Object-glasses of 1-inch 
and 2-3rds inch focus, maj be partly judged-of by the manner 
in which they show such inwtions as those of the Gill of the Eel 
(Fig. 484), or of the Bird’s Lung (Fig. 486), which require a higher 
magnifying power for their resolution than those previously 
named ; still better, perhaps, by the mode in which they exhibit 
a portion of the wing of some Lepidopterous Insect having well 
marked scales. The same qualities should here be looked-ior, as 
in the case of the lowest powers ; and a want of either of them is 
to be distinguished in a similar manner. The increase of Angular 
aperture which these Objectives may advantageously receive up 
to 30°, should render them capable of resolving all the easier ‘ test* 
scales of Lepidoptera, such as those of the Momlio 'tuenelam (Fig. 
414), in which, with the B eye-piece, they should show the trans- 
verse as well as the longitudinal markings. The Proboscis of the 
Blow-fly (Fig. 428)* is one of the best transparent objects for 
enabling a practised eye to estimate the general performance of 
Object-glasses of these powers ; since it is only under a really good 
lens, that all the details of its structure can be well shown. In 
particular, all the outlines and edges should be seen clearly and 
sharply, without any haze or fringe ; the tracheal spires and rings 
should be well-defined, without any colour between them ; and 
there should be no indication of general mist. An Objective 
which shows this well, may be trusted for any other object of its 
kind. For Flatness of field, sections of small Echinus-spines 
(Plate II., fig. 1) are very good tests. The exactness of the cor- 
rections in lenses of these foci, may be judged-of by the examination 
of objects which arc almost sure to exmbit Colour if the correction 
be otherwise than perfect, lliis is the case, for example, with the 
so-called glandulm of Coniferous wood (Mg. 248), the centres of 
which ought to be clearly defined under such objectives, and to be 
<j[uite free from colour ; and also with the trachecB of Insects (Fig. 
432), the spires of which ought to be distinctly separated from earn 
other, without any appearance of intervening chromatic frin^ms. 

II. We may consider as Objectives of mediv/tm power the Half- 
inch, 4-lOths inch, l-4th inch, and l-5th inch; the magnifying 
power of which ranges from about 90 to 250 diameters under the 
A eye-piece, and from about 150 to 400 diameters mtb the B 
eye-piece. The first three, when used by reflected light, can be 
advantageously employed in the examination of such small 
objects as Diatoms, Pofycystina, portions of small Feathers, capsules 
of the lesser Mosses, Hairs, &c, ; they should be so mounts on 
•cones as to allow of side-illumination; and the l-4th should have 
sufficient working distance to permit its easy use for these purposes, 
with an aperture not exceeding 80°. Larger-angled l-4ths and l-5ths 
cannot be convenientty used for opaque objects, unless these are 

* This object should be mounted in Glycerine- jelly ; for when mounted lu 
Balsam, the parts are usually flattened-outandsqueezjd together, so tbatthsir 
real forms and relative positions cannot bo seen. 
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sbowaby Frof, Smith’s or some analogous illumiiiatioii(§ 116).— The^ 
great value of these powers lies iu the inf ormatiou they enable us to 
obt^ regarding the details of organized structures and of living 
actions, by the examination of properly-prepared transparent objects 
by transmitted light ; and it is to them that the remarks already 
made respecting Angular aperture (§ 158, n.) especially apply ; 
since it is here that the greatest difference exists between the 
ordinary requirements of the Scientific investigator, and the special 
needs of those who devote themselves to the particular classes of 
objects for which the greatest ‘ resolving" power is required. A 
moderate amount of such power is essential to the value of every 
Objective within the above-named range of foci : thus, even a good 
haJf-inch should enable the markings of the larger scales of the 
Folyommatus arqns (‘ azure-blue’ Butterfly) to be well distinguished 
— ^these being of the same kind with those of the Menelaus, but 
more delicate,— and should clearly separate the dots of the small or 
‘ battledoor’ scales (Fig. 416) of the same Insect, which, if unre- 
solved, are seen as coarse longitudinal lines ; a good 4-lOths inch 
should resolve the larger scales of the Podiira (Plate II., fig. 2) 
without difficulty ; and a good ]-4th oi i-5th-inch should bring out 
the markings on the smaller scales of the Podura, and should 
resolve the markings on the Flcurosiyma angnlahim into lozenge- 
lines, the B and C eye-pieces being used when the scales are very 
small and their markings delicate. Even the Half-inch or the 4-10th8 
inch may be made with angles of aperture sufiiciently wide to re- 
solve the objects named as difficult tests for the powers above 
them ;* but for the reasons already stated, the Author tliinks it 
most undesirable that they should be thus forced to the work 
altogether unsuited to their powers, by a sacrifice of those very 
qualities which constitute their special value in the study of the 
objects whereon they can be most appropriately and effectively em- 
ployed. And he is decidedly of opinion that an angular aperture 
of 50® is as great as should be given to a Half-inch, 60° to a 4-10th8 
inch, and 90® to a l-4th inch, that are destined for the ordinary 
purposes of Scientific investigation : whilst his own experience 
womd lead him to prefer an angle of 40° for the Half-inch (§ 39), 

• By Mr. Tolies ("Boston, N.E.) tbo Anglo of the half-inch is carried to 80®;- 
and that of the 4-10th8 to 145°. And it has lately been seriously maintained 
that an Objective of the latter focus supplies almost every need of the Biologist, 
since, as even difficult Diatom-tests can be shown by it, it can be worked-up 
by deep Eyepiecing to the highest power that he requires, except for special 
investi^tions. But the resolution of a Diatom is one thing, while the prose- 
cution of investigation continued through several hours at a time is quite 
another ; and the Author, regarding the advice of this writer as most dangerous - 
to the eyes of those who may follow it, deems it his duty to enter his protest 
against it.— Many excellent makere now make first-class Objectives of nan'cvf 
as well as angles; thus, Messrs. Powell and Lealand, followed by several 
others, make the half-inch of 40° (first constructed for the Author, to be used 
^th the Stereoscopic Binocular), as well as a half-inch of 70°; Messrs. Beck 
make a 4-10th8 of 56°, as well as one of 90° ; and Mr. Crouch a l-4th of 60®, 
another of 106°, and another of 140’. 



TOT-OBJBOTS FOR MEDIUM AND HIOH POWERS. 201 


and of 80^^ for the l-4th inch, provided the corrections are perfect. 
Objectives of these apertures should show the easier tests first 
enumerated, with perfect Definition, a fair amount of Penetratinff 
power, and complete Flatness of field. No sii^le object is so useful 
as the Podu7'a-‘8cale for the purpose of testing these qualities in a 
l-4th inch or l-5th inch Objective; and it may be safely said that 
a lens which brings out its markings satisfactorily will suit the 
requirements of the ordinary working Microscopist, although it 
may not resolve difficult Diatoms, in every case, the Objective 
should be tried with the B and C as well as with the A eye-piece ; 
and the effect of this substitution will be a fair test of its merits. 
Where markings are undistinguishable under a certain Objective,, 
merely because of their minuteness or their too close approximation, 
they may be enlarged or separated by a deeper Eye-piece, provided 
that the Objective be well corrected. But if, in such a case, the 
image be darkened or blurred, so as to be rather deteriorated than 
improved, it may be concluded that the Objective is of inferior 
quality, having either an insufficient Angular a}>erturo, or being 
imperfetdly corrected, or both. 

in. All (JH>ject- glasses of less than l-e5th inch focus may bo classed 
as hi{/h powers ; the focal lengths to which they are ordinarily con- 
structed being ]-6th, l-8th, 1-lOtli, l-12th, l-lfith, l-20th, l-25th, 
l-40th, and l-50th of an inch respectively ; the 1-1 2th, l-16th, 
l-25th, and l-50th being made by Messrs. Powell and Lealand, 
and the 1-lOth, l-20th, and l-40th" by Messrs. Beck. The magni- 
fying powers which Objectives from l-6th to l-25th inch focus are 
fitted to afford, range from about 320 to 1250 diameters with tho 
shallower Eye-piece, and from 480 to 1850 diameters with the 
deeper : but by the use of still deeper Eye-pieces, or by the Ob- 
jective of l-50th inch, or the l-80th recently constructed by Messrs. 
Powell and Lealand, a power of 4000 or more may be obtained. It 
is seldom, however, that anything is really gained thereby. — ^The 
introduction of mmers ton -lenses (§ 19) has considerably increased 
the utility of what may be called moderately high powers, such as 
l-8th, 1-lOth, and l-12th. These, if really good, can be used when 
necessary with deep Eye-pieces ; and very little of scientific im- 
poiffance that is beyond their reach has yet been seen by higher 
Objectives, though the latter have, no doubt, special value in certain 
circumstances when skilfully employed. With these and higher 
powers not intended for exclusive use upon * vexatious* Diatoms, the 
Angle of aperture should be so proportioned to focal length, as not 
to sacrifice the ‘ definition’ and ‘ penetration’ required to show the 
internal organs of small Rotifers, large Infusoria, minute W'orms,&c. 
An Objective that will show surfaces only, may be broadly stated to 
be of little use for Biological investigation. Dry-front l-8ths or 
1-I2th8 with an aperture closely approaching 170°, are of very 
limited utility, from want of penetration, and from focussing 
extremely close to their objects; while with 30° or 40° less aperture,, 
and good corrections, they are much more serviceable, losing very 
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little (fits ahreadjr skown, § 158, iv) in ‘ resolTxng’ power, and gainings 
mack in workiag distance and penetration. 

For Besoiving power, tke best tests are afforded by tke lines 
ruled by &. i^obert, and by the more ‘ difficxdt ^ Diatoms. 
^What IS j^own as Noherfs Test is a plate of glass, on a email 
iSpace of which, not exceeding one-fiftietn of an inch in breadth, are 
Tttled from ten to nineteen series of lines, forming as many 
iseparate bands of equal breadth. In each of these bands, the lines 
are ruled at a certain known distance ; and the distances are so 
adjusted in the successive bands, as to form a regularly diminishing 
series, and thus to present a succession of tests of progressively in- 
•creasing difficulty! The distances of the lines differ on different 
plates ; all the bands in some series being resolvable under a good 
Objective of l-4th inch focus, whilst the closest bands in otiiers 
long defied the resolving power of l-12th inch Objectives of large 
Aperture. On the nineteen-band Test-plate the lines are ruled at the 
following distances, expressed in parts of a Paris line, which, to an 
English inch, is usually reckoned as *088 to 1*000, or as 11 to 125 : — 


Bandl. 1-lOOOth. 
„ 2. l-1500th. 
„ 3. l-2000th. 
„ 4, l-2500th. 
„ 6. l-3U00th. 
„ (}. l-3500th. 
„ 7. l-4000tli. 


Baud a l~4500tb. 
„ 9. l-5000t}i. 
„ 10. l-5500th. 
„ 11. l-6000th. 
„ 12. l-6500th. 
„ 13. l-7000tb. 


Band 14. l-7500th. 
„ 15. PSOOOth. 
„ 10. l-8500th. 
„ 17. l-9000th. 
„ 18. l-9500tb. 
„ 19. 1-lOOCOth. 


The following exact estimates of the numbers of the hues to the 
English inch, in some of the Bands, are given by Dr. Royston 
Pigott :♦ — 


Band. 

per inch. 

1. 11,259'51368. 

III. 22,519-02710. 

IV. 83,778-54074. 
VII. 45,088-06482. 


Band. 

per inch. 

TX. 56,297-66790. 
XI. 67,567'0814«. 
XIII. 78,816-59506. 


Jlaml. A'o.o/ojwm 
per inch. 

XV. 90,076-10864. 
XVII. 101,335-62222. 
XIX. 112,595-13580. 


In objects Hke Robert's Test-plate, spurious diffraction-lines are 
-easily mistaken for genuine resolution ; and the difficulty of resolv- 
ing the higher bands of his series was formerly supposed to be an 
optical impossibility. The more recent investigations of Helmholtz 
and Abbe, however, have disposed of this thoretical objection; and 
the ‘resolution’ of Nobert’s l^h band, wliich was long supposed to 
k© a* sort of crux of Microscopy, is now easily demonstrable. 

161. It cannot be questioned that the recognition of the value of 
Ike markings on the siliceons valves of the Diatoms as Test-objects 


• ** Monthly Microscopical Journal,” Vol. ix. (1873), i), 63.— A much larger 
ftUUaber of linw to the inch has been assigned to Nobert’s Test-plate by Mr. 
*J. AllAn Broun (“ Proceedings of lioyal Society,” Vol. xxiiL 1875, p, 531)! on 

tks basis of his measurement of Photographs taken by I)r. E, Carter (Sur^on, 
^.S. Army) ; but there seems strong ground to believe that either from diSric- 
tloiii, or from some mistake in the magnifying power employed, Mr. Browu’a 
'Ofiiimate mnit be gveaily in excess of the reality. 
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(first made by Messrs, Hanison and Sollitt, of Hiill, in 184-1) bas 
largely contnbuted to tbe success of the endeavours which have 
since been so effectually made, to perfect high-power Objectives, 
and to devise new methods of usmg them to the best advan- 
tage. But it has now been demonstrated, both theoretically and 
practically, that the power of ‘resolving* these markings essen- 
tially depeffds on the Angular apei*ture of the Objective : so that, 
as a lens which possesses it in a high degree may be ve^ deficient 
in ‘ definition,* and will probably have an inconveniently short 
‘ working distance* with very little ‘ penetration’ —qualities essen- 
tial to an Objective to be employed in Biological investigation, — 
the resolution of difficult Biatom-tests by no means proves the 
fitness of an Objective for the ordinary tvorh of the Microscopist. — 
Still, these tests are of great value for the purpose to which they 
are really adapted ; and it will therefore be desirable here to specify 
their relative degrees of ‘ difficulty,* which is indicated by the close- 
ness of their lineation, leaving for future discussion (§ 277) the 
nature of the structure to which that lineation is due. The greater 
part of the Diatoms now in use for this purpose, are comprehended 
in the genus Fleur osignia of Prof. W. Smith ; which includes those 
Navicular whose ‘frustules’ are distinguished by their sigmoid 
(S.like) curvature (Fig. 1<)5.) 


J)ire('tion 

Strife. 

1. Plourosigma fonnosum ... diagonal 

2. strigilo ... transverse 

— ..I. Balticum * ... trausverst* 

4. .... attenuatum ... transverse 

5 , — — hippocampus ... transverse 

6, titrigosuiii ... diagonal 

7. quadra turn ... diagonal 

— elongatum ... diagonal 

9. lacustre ... transverse 

XO. angulatum ... diagonal 

XI. SBStuarii ... diagonal 

12. fasciola ... transverse 

X3, Navicula rhomboides ... transverse 

14. Nitzschia sigmoidea ... transverse 

16, Amphiploura pellucida. ... transverse 

{J^avictUa actis). 


StricB in VlOOth ctfan inch. 
Smith. Sollitt. 


82 — 20 
30 

. 40 — 20 
46 — 85 
46 — 40 
80 — 40 
GO — 85 


90 — 50 
111 — 60 


Good specimens of the first ten of the foregoing list may be resolv^ 
with judicious management, by good small-angled l-4th or l-otn 
inch Objectives, and even, with very oblique illumination, by 

Objectives of one-half and 4-lOths inch, having an angular aperture 
of 90®; the remainder require thelarger aperture proper to the 
inch or higher power, for the satisfactory exhibition of tneir " 

ings. The first column of measurements in the above table ® 

numbers ^ted by Prof. W. Smith as averages ; the second 
gives the numbers subsequently assigned as the extr&me ^ 
Mr. SoUitt,* who pointed out that great differences exist m the 
• ‘On theMeaguremont of the Striae of Diatoms,’ in “Quart Jottra. of 
Microsc. Science,” VoL viii. (1860), p. 48. 
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fineness of the markings of specimens of the same species obtained 
from different localities—a statement now so abundantly confirmed, 
as to be entitled to rank as an established fact. It is in regard to 
AmpJiifleura pelhicida, however, that the greatest diversity of 
opinion has existed ; and the conclusion which the Author had ex- 
pressed in the earlier editions of this Manual, that Mr. Sollitt’s 
estimate was much too high, (having been based on ‘spurious* linea- 
tion), has bben fuUy confirmed by Col. Dr. Woodward ; who, having 
succeeded in obtaining very perfect Photographs of this Diatom, 
iinder powers of 1500 and 1650 diameters, has found that the strise 
on the largest valves were never more than 91 in 1-1 000th of an inch, 
while those on the smallest never exceeded 100 in the 1-lOOOth inch.* 
The ‘ resolution ’ of the lines on this test may be made without 
much difficulty! by ‘ immersion * Objectives of 1 -8th inch without 
any excessive Aperture ; but the resolution of the lines into distinct 
dots is a severe test for Objectives of largest Aperture. — Several 

Fig. m. 



Vttlve of SurireUa gemma, with portion (b) more highly magnified, 
showing two systems of markings a and b, as represented by Hart- 
joack; while c is copied from a photograph taken by Dr. Woodward. 

very difficult tests of this description have been furnished by tho 
late Prof. Baileyf of West Point (XJ.S.) ; among them tlie^very 

• ** Monthly Mlcrosc. Jonm.,” Vol. v. (1871), p. 162. 
t See his interesting Memoirs in Vols. ii. andvii. of the “ Smithsonian Con- 
tribatiuns to Knowledge.’* On HyalodiBcas see Hendry, in ‘‘Quart.. 

Jotuxu of Microsc. Science,’* Vol. i., N.S. (1861), p. 179. 
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<36autifal Ghnmnm^pliom suhtilissima and the Eyahdmm 8VbUU\ 
the latter being ot* discoid form, and having markings which radiate 
in all directions, very much like those of an engine-turned watch.—* 
To these may be added the Sumrlhi gemma, which presents appear- 
ances of a very deceptive character. These appearances, as repre- 
sented by M. Hartnack, are shown in Fig. 118, a, b; the upper part 
i)f the valve a being illuminated by oblique light in the>direction of 
its axis, and the lower part by oblique light in a direction transverse 
to its axis ; while b shows a portion more Inghly magnified under 
the last illumination, d'his Diatom, however, has been successfully 
photographed by Dr. Woodward (Fig. 118, c), who says of it ; — “A 
’Careful examination of specimens mounted diw, has satisfied me 
that Hartnack’s interpretation is erroneous. The tine striae are, I 
think, rows of minute hemispherical beads ; the appearance of 
hexagons is the optical result ot imperfect definition or of unsuit- 
able illumination. For photographing this objec-t, I have selected 
n. frustule of somewhat less than the medium size. It measures 
l-290th of an inch in length. Longitudinally the tine striie count 
at the rate of 72,000 to the inch. These strim are resolved into 
beaded appearances, which count laterally 84,000 to the inch.”’**' 

162. As a test for those qualities of ()bjectives which best fit 
them for the general purposes of Biological investigation, the 
Author remain^ of the opinion (which he finds to be shared by 
many able and experienced Microscopists, and by Makers specially 
iamiliar with their requirements) tliat nothing is better than the 
scale of the commonly known as the Podium 

(Fig. 419). It IS a fact perfectly familiar to such Makers, that an 
Objective may serve, in virtue of its wide Angular aperture, to 
resolve Diatom-tests of considerable difficulty, and may yet fail 
utterly on the Podura- scale, in consequence of its inferior defining 
power ; and such an Objective can be of very little service to the 
Biological investigator. On the other hand, although the exact 
Htmcture of the Fodura-scale is still (like that of the Diatom-valve) a 
matter of discussion, yet all are agreed as to the appearances it pre- 
sents, under Objectives that combine in the fullest degree the attri- 
butes already specified as best qualifying them for Scientific work; so 
that any glass which shows these appearances satisfactorily, may 
be safely accounted suitable for that puiqjose. The surface of this 
scale, when viG,wcd under a sufficiently high amplification, is seen 
to be covered with the peculiar markings shown in Plate ii., Figs. 

3, which are sometimes designated ‘ spines,' but are more com- 
monly known as ‘ notes of admiration’ or ‘ exclamation-markings/ 
These should be clearly separated from each other, and their ma^ 
gins well defined. An Objective of small angle (such as a l-4tli 
inch of 60®) will show the ‘ spines’ dark throughout; a 1 -4th men 
of 100® will show alight streak extending from the large end, down 
the centre of e,ach marking; and a further enlargement of the 
.aperture will show an extension of this streak through the entire 
‘‘Monthly Microsc, Journ.,” Vob vU (1871), i>. 100. 



163, Determination of Magnifying Tower . — The last Huhject to 
be here adverted to, is tne mode of estimating the magnifying power 
of Microscopes, or, in other words, the number of times that any 
object is magnified. This will of course depend upon a comparison 
of the real size of the Object with the a^oparent size of the Image ; 
but our estimate of the latter will depend upon the distance at 
which we assume it to be seen ; since, if it be projected at different 
distances from the Eve, it will present very different dimensions. 
Opticians generally, however, have agreed to consider ton inches as 
the standard of comparison ; and when, therefore, an object is said 
to be magaified 100 diameters, it is meant that its visual image 
projected at ten inches from the Eye (as when thrown down by the 
Camera Lucida, § 94, upon a surface at that distance beneath), has 
100 times the actual dimensions of the object. The measurement 
of the magnifying power of Simple or Compound Microscopes by 
this standard is attended with no ^Ificulty. All that is required 
is a Stage-Micrometer accurately divided to a small fraction of an 
inch (the 1-lOOth will answer very well for low powers, the 
1-lOOOth for high), and a common foot-rule divided to tenths of 
an inch. The Micrometer being adjusted to the focus of the 
Objective, the rule is held parallel with it at the distance of ten 
inones from the eye. If the second eye be then opened whilst the 
o^er is looking through the Microscope, the circle of light included 
wilhin the field of view crossed by the lines of the Micrometer will 
be seen faintly projected upon the rule : and it will be very easy to 
mark upon the latter the apparent distances of the divisions on the 
Micrometer, and thence to ascertain the magnifying power. Thus, 
supposing each of the divisions of 1-1 00th or an inch to correspond 
with 1| inch upon the rule, the linear ma^fying power is 150 
diameters; if it correspond with half an inch, the magnifying 



DETERMINATION OF MAONIFYINO POWER, 


207 


power is jSO diapeters. If, again, each of the divisions of the 
1-1 000th inch Micrometer corresponds to 0*6 of an inch upon the 
rule, the magnifjring power is 600 diameters; and if it corre* 
TOond to 1*2 inches, the magnifying power is 1200 diameters. In 
teds mode of measurement, the estimate of farU of tenths on the rule 
can only be made by guess ; but greater accuracy may be obtained 
by the use of the Diagonal scale (Fig. 67), or still better, by project- 
ing the Micrometer-scale with the Camera Lucida at the distance 
of ten inches from the eye, marking the intervals on paper, 
taking an average of these, and repeating this with the compasses 
ten times along the inch-scale. Thus, if the space given by one 
of the divisions of the 1-lOOOth-inch Micrometer, repeated ten 
times along the rule, amounts to 6 inches and tenths, the value 
of each division will be '625 of an inch, and the magnifying ixiwer 
625. — It is very important, whenever a high degree of accuracy is 
aimed at in Micrometry, to bear in mind the caution already given 
(§ 91) in regard to the difference in magnifying power produced in 
tne adjustment of the Objective to the thickness of the glass that 
covers the object. — The superficial Magnifying power is of course 
estimated by squai'iiKj the linear ; but this is a mode of statement 
never atlopted by Scientific observers. 



CHAPTER V. 


rUEPAUATION, MOUNTING, ANT) ( OLLECTJON OF OBJECTS. 

164. Under thin hcjid it is intended t<) give an account of those 
Materials, InstruinentK, and Appliances of various kinds, wliich 
have , been found most serviceable to Microscopists engaged in 
general Biological research ; and U* describe the most approved 
methods of employing them in the preparation and mounting 
of Objects, for tne; display of the minute structures thus brought 
to our knowledge. Not only is it of the greatest advantage that 
the discoveries made by Microscopic research should — as far as pos- 
sible — be embodi(^d (so to speak) in ‘ ])reparations,’ which snail 
enable them to be studied by ever}" one who may desire to do so ; 
but it is now universally admitted that such ‘ preparations ’ often 
show so much more than can be seen in the fresh organism, that 
no examination of it can be considered as complete, in which the 
methods most suitable to each particular case have not been put 
in practice. — It must he obvious that in a comprehensive Treatise 
like the present, such a (/cm era 1 treatment of this subject is all that 
<jan be attenu)ted, excepting in a few instances of peculiar interest. 
And as the llistological student can find all the guidance he needs 
in the numerous Manuals now prepared for his instruction, the 
Author will not feel it requisite to furnish him with the f^-pccial 
directions that are readily accessible to him elsewhere. 

Section l~-2[aieriahy lustrninciitti, ai}d Applianra^. 

165. Glass Slides . — The kind of Glass best suited for mounting 
objects, is that which is known as * patent plate and it is now 
almost invariably out, by the common consent of Microscopists in 
this country, into slips measuring in. by 1 inch. For objects too 
large to be mounted on these, the size of 3 in. by in. may be 
adopted. Such slips may be purchased, accurately cut to size, 
and ground at the edges, for so little more than the cost of the 
glass, that few persons to whom time is an object, would trouble 
themselves to prepare tliem; it being only when glass slides of 
some unusual mmensions are required, or when it is desired to 
•construct ' built-up cells* (§ 174), that a facility in cutting glass 
with a glazier’s diamond becomes useful. The glass slides prepared 
for use should be free from veins, air-bubbles, or other flaws, at 
least in the central part on which the object is placed ; and any 
whose defects render them unsuitable for ordinary purposes, should 
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be selected and laid aside focuses to which the working Micro- 
scopist will find no difficulty m putting them. As the sups vary 
considerably in thickness, it will be advantageous to separate the 
thin and the iliiok from those of 'medium substance. The first 
may be employed for mounting delicate objects to be viewed 
by the high powers with which the Achromatic Condenser is to be 
used, so as to avoid any unuecessary deflection of the illuminating 
pencil by the thickness of the plate which it has to traverse 
beneath the object ; the second should be set aside for the attach- 
ment of objects which are to be ground-down, and for which, 
therefore, a stronger mounting than usual is desirable ; and the 
third are to be used for mounting ordinary objects. Irreat care 
should be taken in washing the slides, and in removing from them 
every trace of greasiness by the use of a little soda or potass solu- 
tion. K this should not suffice, they may be immersed in the 
solution recommended by Dr. Seiler, composed of 2 oz. of Bichro- 
mate of Potass, 3 fl. oz. of Sulphuric Acid, and 25 oz. of Water, 
and afterwards thoroughly rinsed. (The same solution may be 
advantageously used for cleansing Cover-glasses, § 132.) Before 
they are put away, the slides should be wiped perfectly dry, first 
with an ordinary ‘ glass-cloth,’ and afterwards with an old cambric 
handkerchief. And before being used, each slide should be again 
carefully wiped, so as to remove all adherent dust. Where slides 
that have been already employed for mounting preparations are 
again brought into use, great care should be taken in completely 
removing all trace of adherent varnish or cement ; first by scraping 
(care being taken not to scratch the glass), then by usinjj an ap- 
propriate solvent, and then by rubbing the slide with a mixture of 
equal parts of alcohol, benzole, and li(iuor sodse, finishing with clean 
water. 

166. Tldii (rlasii. — The older Microscopists were obliged to em- 
ploy thin laminm of talc for covering objects to bo viewed with 
lenses of short focus : but this material, which was in many respects 
objectionable, is now only employed for Objectives of exceptionally 
short focus (such as l-50tn or l-75th inch), being entirely superseded 
for other purposes by the thin glass manufactured by Messrs. 
Chance of Birmingham, which may be obtained of various degrees 
of thickness, down to 1 -500th of an inch. This glass, being un- 
annealed, is very hard and brittle; and much care and some dexterity 
are required in cutting it. This should be done with the ivriting 
diamond ; and it is advantageous to lay the thin glass upon a 
piece of wetted plate-glass, as its tendency to crack and ‘ star’ is 
thereby diminished. For cutting sg^iare or other rectangular 
covers, nothing but a flat rule is required. The cutting of rounds 
by unaccustomed hands is usually attended with so much break- 
age, that it is really a saving of money as well as of time to pur- 
chase them from the dealers ; who usually keep them in several 
aizes, and supply any others to order. The different thicknesses 
are usually rank^ as 1, 2, and 3 ; the first being used for covering 
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objects to be viewed with low powers, tbe’ second for objects to be 
viewed with medium powers; and the third for objects reqniring' 
Jdgh powers. The triinnest glass is of course most difficult 
ha#idle safely, and is most liable to fracture from accidents of various 
kinds ; and hence it should only be employed for the purpose for 
which it is absolutely needed. The thickest pieces, again, may be 
most advantageously employed as covers for large Cells, in wnick 
objects are mounted in fluid (§§ 171-174) to be viewed by the low 
powers whose perfonnance is not sensibly affected by the aberra- 
^on thus produced. The working Microscopist will find it desira- 
ble to provide himself with some means of measuring the thickness 
of his cover-glass ; and this is especially needed if he is in the habit 
of employing Objectives without adjustment, which aro corrected 
to a particular standard (§ 17). A small screw-gauge of steel, 
made for measuring the thickness of rolled plates of brass, and 
sold at the Tool-shops, answers this purpose very well ; but Boss’s 
Lever of Contact (Fig. 110), devised for this express purpose, is in 
many respects preferable, lliis consists of a small horizontal table 
of brass, mounted upon a stand, and having at ono end an arc 
graduated into 20 divisions, each of which represents 1-lOOOth of 

Fig. 119. 



liOBs’e Lover of Coutjict. 

an inch, so that the entire arc measures l-50th of an inch ; at the 
other end is a pivot on which moves a long and delicate lever of 
steel, whose extremity points to the graduated arc, whilst it has 
very near its pivot a sort of projecting tooth, which bears at • 
a^nst a vertical plate of steel that is screwed to the horizontal 
table. The piece of thin-glass to be measured being inserted 
between the vertical plate and the projecting tooth of the lever, ita 
thickness in thousandths of an inch is given by the number on 
the graduated arc to which the extremity of the lever points. 
Thus, if the number be 8, the thickness of the glass is *008 or 
l*125th of an inch.*-- It will be found convenient to sort the covers 
according to their thicknesses, and to keep the sortings apart, so 

• Another form of gauge, in which the measurement is obtained with great 
precision and facility by the sliding of a wedge, is described in the Joum. of 
the Boy. Microsc, Soc.,” Vol. ii. (1879), p. 65. 
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iiliat each may be used for the powers to which it is the most suit* 
able. For Objectives whose angle of aperture is between 40° and 
75°, glass of ‘008 is not too thick ; for Ob 3 octive 8 of between 75° and 
120° of aperture, the thickness may range from *006 to *004 ; but 
for Objectives whose angle of aperture exceeds 120°, and whose 
focus IS less than 1-lOth of an inch, only covers of from *004 to 
*002 should be used. 

167. On account of the extreme brittleness of the Thin-glass, 
it is desirable to keep the covers, when cut and sorted, in some fine 
and soft powder, sucli as Starch. Before using a cover, however, 
the Microscopist should be careful to clean it thoroughly ; not merely 
for the sake of removing foulness which would interfere with the 
view of the object, but also for the sake of getting rid of adherent 
starch-grains, the preseneb of which might lead to wrong conclu- 
sions ; and also to free the surface from that slight greasiness, 
which, by preventing it from being readily wetted by water, fre- 
quently occasions groat inconvenience in the mounting of objects in 
nuid. The thicker pieces may be washed and wiped without much 
danger of fracture, if duo care be employed ; but the thinner re- 
quire much precaution ; and in cleansing these, a simple instru- 
ment devised by Mr. W. W. Jones will be found very useful. This 
<;onsists of a small tube of brass about an inch in diameter and the 
same in height (a stout pill-box makes a good substitute), into 
wliich fits loosely a weighted to fho fiat bottom of which is 
•cemented a piece of chamois leather. Another piece of soft leather 
is stretched upon a flat tablet of wood or plate-glass ; and by placing 
the cover-glass (damped by the breath) under the plug, within 
the end of the tube, and keeping the tube well down on the tablet, 
the glass can bo rubbed between the two leather surfaces Avith per- 
fect security, the weight of the plug affording sufficient pressure.* 

168. Varnishes ami Cements . — There are three very distinct 
purposes for which Cements that possess the power of holding firmly 
to Glass, and of resisting not merely water but other preservative 
liquids, are required by the Microscopist; these being (1) the 
attachment of the glass covers to the slides or cells containing the 
object, (2) the formation of thin ‘cells ’ of cement only, and (3) the 
attachment of the ‘glass-plate’ or ‘tube-cells’ to the slides. The 
two former of these pui’poses are answered by liquid cements or t?ar- 
nislvo^, which may be applied without heat ; the last requires a solid 
cement of greater tenacity, which can only be used in the melted 
state. — Among the many such Cements that have been recom- 
mended by different workers, the following^ may be specially named 
^8 having stood the test of a large experience, both as to general 
utility and permanent value : — 

o. Jcupanners' Gold size. — This, which may be obtained at every Coloof*- 
.shop, ia (according to the Author’s experience) the most trustworthy of 

♦ In the improved form of this little instrument made by Messrs. Hnnter k 
Sands, the leather is not cemented to the bottom of the plug, but merely 
strained over it, bo as to be easily renewable. 
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til OBmonts for ciosiiig-ia moTinted objects of almost any description. 

a p^uliarly nm hold of glass : and when dry it becomes ex- 
wWapiy toogh, without brittleness. Wheh new, it is very liquid and 
inns :^her too freely ; so that it is often advantageous to leave open 
OT a time the bottle containing it, until the varnish is somewhat 
thickened. By keeping it still longer with occasional exposure to air,, 
it is rendered much more viscid : and though such ‘ old’ Gold-size is not 
fit for ordinary use, yet one or two coats of it may be advantageously 
laid over the films of newer varnish, for securing the thicker covers of 
l^e cells 171-4). Whenever any other varnish or cement is used, 
either in making a cell or in closing it in, the rings of these should be 
covered with one or two layers of Gold-size extending beyond it on 
either side, so as to form a continuous film extending from the marginal 
ring of the cover to the adjacent portion of the glass slide.* 

6. Asphalle Varnuh. — This is a black varnish made by dissoh ing half 
a drachm of Caoutchouc in mineral naphtha, and then adding 4 oz. of 
Asphaltum, using heat if necessary for its solution. It is very important 
that the Asphaltum should be genuine, and the other materials of the 
best quality. 8omo use Asphaltc as a substitute for gold-size ; but 
the Author’s experience leads him to recommend that it should only be 
employed either for making shallow ‘cement-cells’ (§ 170), or for finish- 
ing-off preparations already secured witii gold-size. For the former 
purpose it may advantageously he slightly thickened by evaporation. 

c. Blade Japan. — The varnish sold 'at the Colour-shops under this 
name, maybe used for the same purposes as the preceding. When it is 
used for making ‘ cement-cells,’ the slides to which it has been applied 
should be exposed for a time to the heat of an oven, not raised so high 
as to cause it to blister ; this will increase its adhesion to the glass 
slide, and will flatten the surface of the rings. 

d. JJammar Cement, which is made by dissolving gum dammar in 
l>enzole, and adding about ouc-tlurd of gold-size, has the advantage of 
drying very quickly; and may be preferaoly used for a first coat Mmen 
glycerine is used as the material for mounting. 

e. Bell's Cement may be recommended on the same grounds ; hut it 
^ruus* so freely, that for ordinary purposes the Author much prefers 
gold-size or dammar. 

/. Canada BaUam is so brittle when hardened by time, that it cannot 
be safely used as a cement, except for the special purjiose of attaching 
hard specimens to glass, in order that they may be reduced by grinding, 
&c. Although fresh soft balsam may be hardened by heating it on the slide 
to which the object is to be attached, yet it may be preferably hardened 
en Masse by exposing it in a shallow vessel to the prolonged but moderate 
boat of an oven, until so much of its volatile oil has been driven off that 
it becomes almost (but not quite) resinous on cooling. If, when a drop 
is spread out on a glass and allowed to become quite cold, it is found to 
he BO hard as not to be readily indented by the thumb-nail, and yet not 
so hard as to ‘ chip,’ it is in the best condition to he used for cementing. 

If too soft, it will require a little more hardening on the slide, to which 
it should be transferred in the liquid state, being brought to it by the 

* The Author has fluid preparations mounted with Gold-size nearly forty 
rears ago, which have remained perfectly free from leakage ; the precautioa 
baving been taken to lay on a fresh coat eveiy two or three years. 
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Jieat of a water-bath ; if too hard, it may be dijseolved ia ohlor^form or 
benzole, for use as a mounting ‘ medium’ (§ 205). 

y. Skell-lac CemerU is made by keeping small pieces of picked Shell-lac 
in a bottle of rectified spirit, and shaking it ftrom time to time. It can- 
not be recommended as a substitute for any of the preceding ; as, when 
dry and hard, it has little hold on glass. But it answers very well for 
making cells for dry-mounting (§ 1C9). — What is known as Liquid-glue U 
an inferior kind of the same cement, made by dissolving inferior shell- 
lac, or some commoner resin, in naphtha. It cannot be trusted for a per- 
manent hold ; and those who employ it are likely to find themselves 
disappointed in regard to the durability oi their preparations.*^ 

h. marine Olue, which is composed of shell-lac, caoutchouc, and naphtha, 
is distinguished by its extraordinary tenacity, and by its power of resist- 
ing solvents of almost every kind. Dilferent qualities of this substance 
-are made for the several purposes to which it is applied ; and the one 
most suitable to the wants of the Microscopist is known in commerce as 
K 4. The special value of this cement, which can only be applied hot, 
is in attaching to glass slides the glass or metal rings which thus form 
‘ cells’ for the reception of objects to be mounted in fluid ; no other 
cement being comparable to it either for tenacity or for durability. The 
manner of so using it will be presently described (§ 171). 

L Various coloured Varnishes are used to give a finish to mounted 
preparations, or to mark on the covering-glasses of large preparations the 
parts containing special kinds of noteworthy structure. A very good 
hack varnish of this kind is made by working up very finely powdered 
lamp-black with gold-size. For red, sealing-wax varnish made by dissolv- 
ing red sealing-wax (the best is alone worth using) in rectified spirit, is 
commonly used ; but it is very liable to chip and leave the glass, when 
hardened by time. The red varnish specially prepared for Microscopic 
purposes by Messrs, Thompson & Capper (of Liverpool) seems likely 
to stand better, but the Author’s experience of it has been short. For 
white, ' zinc cement’ answers well : which may be made by dissolving 
1 oz. of gum dammar in 1 oz. of oil of turpentine by the aid of heat ; 
rubbing up J drachm of oxide of zinc with an equal quantity of oil of 
turpentine (adding the latter drop by drop) into a creamy mixture 
perfectly free from lumps or grit ; and then mixing the two fluids, which 
must be well stirred together, and strained through a j)iece of fine muslin 
previously wetted with turpentine. Blue or green pigments may be 
worked-up with this, if cements of those colours be desired. 

k. For attaching labels and covering papers to slides either of glass or 
wood, and for fixuig-down small objects to be mounted ‘ dry’ (such as 
Foraminifera, parts of Insects, &c.), the Author has found nothing pre- 
ferable to a rather thick mucilage of Gum Arabic, to which enough 
Glycerine has been added to prevent it from drying hard, with a few 
drops of some Essential oil to prevent the development of mould. The 
following formula has also been recommended: — Dissolve 2 oz. of Gum 
Arabic in 2 oz. of water, and then add l-4th oz. of soaked gelatine (for 
the solution of which the action of heat will be required), 30 drops of 
glycerine, and a lump of camphor. — The further advantage is gain^ by 

* From the api^caranco and smell of the Hollis’s Glue recommended bjr Dr. 
Heneage Gibbs, the Author cannot but believe that its nature is essentially 
the same as that of ordinary ‘liquid glue,* and that it is therefore liable to tho 
objection. 
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tile «d4^|a^ ©f a aliehtly increased proportion 'of Glycerine to either of 
tke foregomg, that the gum can he very readily softened by water ; soi^ 
that covers may he easily removed (to be cleansed if necessary) and 
the arrangement of objects (where many are mounted together, § 175) 
idtored. 

169. Cells for Bry-mountmg. — ^Where the object to be mounted 
* dry* {i,e, not immersed either in fluid or in any ‘ medium’) is so thin 
as to require that the cover should be but little raised above the 
elide, a * cement-cell’ (§ 170) answers this purpose very well ; and if 
the application of a gentle warmth be not injurious, the joressing^ 
down of the cover on the softened cement will help both to flx it,, 
and toprevent the varnish applied round its border from running 
in. Where a somewhat deeper cell is required, it can be made in 
the manner suggested by Prof. H. L. Smith (U.S.) si:)ecially for the- 
mounting of Diatoms. A sheet of thin writing-paper dipped into 
thick shml-lac varnish is hung up to dry ; and rings are then cut 
out from it by punches of two different sizes. One of these rings 
l>eing laid on a glass slide, and the cover, with the object dried 
upon it, laid on the ring, it is to be held in its place by the forceps 
or spring-clip, and the slide gently warmed so as cause a slight 
adhesion of the cover to the ring, and of the ring to the slide ; and 
this adhesion may then be rendered complete, by laying another 
glass slide on the cover, and pressing the two slides together, with 
the aid of a continued gentle heat. — Still deeper cells may be made, 
with rings punched out of tin-foil of various thicknesses ; and 
cemented with sholl-lac varnish on either side. And if yet deeper cells 
are needed, they may bo made of turned rings of vulcanite or ebonite, 
cemented in the same manner. — It is always safer to protect such 
dry mounts by attaching paper covers to the slides ; as the ten- 
dency of the rings to start at any ‘jar,’ when the shell-lac has re- 
acqmred its resinous hardness, is thereby greatly diminished. — 
i:Jmall objects, such as Diatoms and Folycystiiia, which are to be. 
viewed by Lieberkiihn illumination (§ 115), should be mounted on 
disks punched out of thin black card-board, whose diameter scarcely 
exceeds the field of the Objective under which they are to be shown ; 
and the protecting cell should he large enough to allow an ample-, 
opening for the light-rays to pass up from the mirror to the spe- 
culum, between the inner edge of its ring and the outer margin of 
the disk. 

170. Cement-Cells . — Cells for mounting thin objects in any watery 
medium, may be readily made with Asphalte or Black Japan var- 
nish, by the use of Mr, Shadbolt’s ‘ Tum-tahle ’ (§ 176) or one of 
its modifications. The glass slide being placed under its springs, 
in such a manner that its two edges shall be equidistant from Die 
centre (a guide to which position is afforded by the circles traced 
on the braes), and its tour comers equally projecting beyond the 
circular margin of the plate, a camel’s hair pencil dipped in the 
varnish is hmd in the right hand, so that its point comes into con- 
tact with the glass* over whichever of the circles may be selected as. 
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the ^ide to the size of the ring. The tnm-table being made to 
rotate by the application of the left fore-finger to the miUed-head 
beneath, a ring of varnish of a suitable breadth is made upon the 

f lags ; and if this be set aside in a horizontal position, it will be 
ound, when hard, to present a very level surface. If a greater 
thickness be desired than a single application will conveniently 
make, a second layer may be afterwards laid on. It will be found 
convenient to make a considerable number of such cells at once, 
and to keep a stock of them ready prepared for use. If the surface 
of any ring should not be sufficiently level for a covering-glass to 
lie flat upon it, a slight rubbing upon a piece of fine emery-paper 
laid upon a flat table (the ring being held downwards) will make 
it so. 

171. For mounting objects of greater thickness, it 

is desirable to use cells I 20 

made by cementing ‘ 

rings, either of glass or I 
metaljto the glass slides, / 
with marine glue. Glass- / 

rings of any size, diame- . 

ter , thickness jundbreadth 

are made by cutting ^ 

transverse sections of A 

thick-walled tubes ; the \ 

surfaces of these sections ^ 

being ground flat and U 

parsdlel. Not only may " 

round cells (Fig. 120 A,ii) 
of various sizes be made 

by this simple method, i dpBEfS 

but,\ by flattening the | J ~ B c 

tube (when hot) from j 

which they are cut, the L:.; — — J — 1 . " -T T:-— 

sections may be made 

quadrangular, or square, 

or oblong (c, i>). For / 
intermediate thicknesses 
between cement - cells / 
and glass ring-cells, the 

Author has found no [ — — . ^ 

tod so convenient as t ^ 0 ^. 11 g xtound aud Quadrangular, 
the rings (sold by Mr. ’ - i • 

Collins) stamped out of tin, of various thicknesses. These, afteijjeing 
oemented to the slides, should have their surfaces m^e perrectly 
flat by rubbing on a piece of fine grit or a conindum-me, ana 
then smoothed on a Water of Ayr stone ; to such surfaces the glass 
covers will he found to adhere with great tenacity. 

The Glass Slides and Cells which are to be attached to each other, 
must first be Wted on the Mounting plate; and some small cuttings oi 
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MArine glue are then to be placed either upon that surface of the cell 
which is to be attached, or upon that portion of the slide on which it is 
to Ue, the former being perhaps preferable. When they begin to melt, 
they may be worked over the surmce of attachment by rn^ns of a needle 
point; and in this manner the melted glue may be uniformly spread, 
care being taken to pick out any of the small gritty particles which this 
cement sometimes contains. When the surface of attachment is thus 
completely covered with liquefied glue, the cell is to be taken up with 
a pair of forceps, turned over, and deposited in its proper place on the 
slide ; and it is then to be firmly pressed down with a stick (such as the 
handle of the needle), or with a piece of flat wood, so as to squeeze out 
any superfluous glue from beneath. If any air-bubbles should be seen 
between the cell and the slide, these should if possible be got rid of by 
pressure, or by slightly moving the cell from side to side ; but if their 
presence results, as is sometimes the case, from deficiency of cement 
at that point, the cell must be lifted off again, and more glue applied at 
the recjuired sj>ot. Sometimes, in spite of care, the glue becomes hardened 
and blackened by overheating ; and as it will not then stick well to the 
glass, it is preferable not to attempt to jiroceed, but to lift off the cell 
from the slide, to let it cool, scrape off the overheated glue, and then 
repeat the process. When the cementing luis been satisfactorily accom- 
plished, the slides sliould be allowed to cool gradually in order to secure 
the firm adhesion of the glue ; and this is readily accomplished, in the 
first instance, by pushing each, as it is finished, towards one of the 
extremities of the plate. If two idates are in use, the heated plate may 
then be readily moved away upon the ring which supports it, the other 
being brought down in its place, and as the heated plate will be some 
little time in cooling, the firm attachment of the cells will be secured. 
If, on the other hand, there be only a single plate, and the operator 
desire to proceed at once in mounting more cells, the slides already com- 
pleted should be carefully removed from it, and laid upon a wooden 
surface, the slow conduction of which will prevent them from cooling too 
fast. Before they are quite cold, the sujierfluoiis glue should be scraped 
from the glass with a small chisel or awl; and the surface should then 
be carefully cleansed with a solution of potash, which may be rubbed 
upon it with a piece of rag covering a stick shaped like a chisel. The 
cells should next be washed with a hard brush and soap and water, and 
may be finally cleansed by rubbing with a little weak spirit and a soft 
doth. In cases in which appearance is not of much consequence, and 
especially in those in which the cell is to be used for mounting large opaque 
objects, it is decidedly preferable not to 8cra|:>e off the glue too closely 
round the edges of attachment ; as the ‘ hold’ is much firmer, and the 
probability or the penetration of air or fluid much less, if the immediate 
margin of glue be left both outside and inside the cell. — To those to 
whom time is of value, it is recommended that all cells w’^hich require 
Marine-glue cementing be purchased from the dealers in Microscopic 
apparatus. 

172. Plate^Glaes Cells . — Where large shallow cells with flat bottoms 
ao'e required (as for mounting Zoophytes, small Medusw, &c.), they 
may be made b^ drilling holes in pieces of plate-glass of various sizes, 
ahapes, and tmeknesses (Fig. 121, a), which are then cemented to 
glass slides with marine glue. By drilling two holes at a suitable 
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xHstancc, and cut- 
ting out the piece 
between them, any- 
required elongation 
of the cavity may 
be obtained (b, c, 
n). 

173. Sunh Cells, 
— This name is 
given to round or 
oval hollows exca- 
vated by grinding 
in the substance of 
glass slides, which, 
for this purpose, 
should be thicker 
than ordinary. 
Such cells have the 
advantage not only 
of comparative 
cheapness, but also 
of durability, as 
they are not liable 
to injury by a sud- 
den jar, such as 
sometimes causes 
the detachment of a 
cemented i:>late or 
ring. For objects 
whose shape adapts 
them to the form 
and depth of the 
cavity, such cells 
will be found very 
convenient ; thus 
the Author has a 
series of young Co- 
maiulcB (Fig. 378) 
thusmounted, which 
are extremely well 
displayed, alike 
on their upper and 
on their under sur- 
faces. It naturally 
suggests itself as an 
objection to the use 
of such cells, that 
the concavity of 
their bottom must 


Fig. 121.. 



T’late-GlaHS Colls. 


Fig. 122. 




Sunk Cells. 
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so d<5flect the light-rays, as to distort or obscure the image ; but as 
the cavity is filled either with water or some other liquid of higher^ 
refractive power, the deflection is so slight as to be practically 
inoperative. Before mounting objects in such cells, the Micro- 
soopist should see that their concave surfaces are free from scratches 
or roughnesses, * ^ 

^ 174. Built-up CeKe.— When Cells are required of forms or dimen- 
sions not otherwise procurable, they may be huilt-up of separate 
pieces of glass cemented together. Large shallow Cells, suitable 
for mounting Zoophytes or similar flat objects, may be easily con- 
structed after the following method : — A piece of plate-glass, of a 
thickness that shall give the desired depth to the cell, is to be cut 
to the dimensions of its outside wall ; and a strip is then to be 
cut-off with the diamond from each of its edges, of such breadth 
as shall leave the interior piece equal its dimensions to the cavity 
of the cell that is desired. This piece being rejected, the four strips 
are then to be cemented upon the glass slide in their original 
position, so that the diamond-cuts shall fit together with the 
most exact precision ; and the upper surface is then to be ground 
flat with emery upon a pewter plate, and left rough. — The per- 
fect construction of large deep cells of this kind (Fig. 123, a, b), 
however, requires a nicety of workmanship which few amateurs 

possess, and the ex- 
ilic. 123. penditure of more 

time than Micro- 
Bcopists generally 
have to spare ; and 
as is it consequently 
preferable to obtain 
them ready-made, 
directions for mak- 




Built-up Celle. 


ing them need not 
be here given. 

175. Woodm 
Slides for Opaque 
Oh jects . — Such ‘dry* 
objects as Foramy 
niferaj the capsules 
of Mossesy parts of 
Insects, and the 


like, may be conveniently mounted in a very simple form of wooden 
slide (first devised by the Author and now come into general use), 
which also serves as a protective ‘ cell,’ Let a number of slips of 
mahogany or cedar be provided, each of the 3-inch by 1-inch size, 
and of any thickness that may be found convenient, with a corre- 
sponding number of slips of card of the same dimensions, and of 
pieces of cZecwi-black paper rather larger than the aperture of the 
slide. A piece of this paper being gummed to the middle of the 
card, and some stiff gum having been previously spread over one 
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Woodon Slide for Opaque Objects* 


side of ihe wooden slide (care being taken that there is no super* 
fluity of it iminediately around me aperture), this is to be laid 
down upon the card, and subjected to prespre.* An extremely 
neat ‘ cell’ will thus be formed for the reception of the object (Fig. 
124), the depth of which will be determined by the thickness of the 
slide, and the diameter by 

the size of the perforation; Fio. 124* 

and it will be found conve- ^ 

nient to provide slides of va- / \ 

rious thicknesses, with aper- / ^BlIiBlr \ 

tui*es of different sizes. The -1 

cell should always be deep *' """ 

enough for its wall to rise Woodon Slide for Opaque Objects* 
above the obj ect ; but, on the ^ . j? * 4 . 1 , 

other hand, it should not be too deep for its walls to interfere with 
the oblique incidence of the light upon any object that may be near 
its periphery. The object, if flat or small, may be attached by Crum- 
mucilage (§ ld8 li) ; if, however, it be largo, and the part of it to be 
attached have an irregular surface, it is desirable to fonn a ‘bed 
to this by gum thickened with starch. If, on the other hand, it 
should bo desired to mount the object edgeways (as when the 
mouth of a Foramhiifer is to bo brought into view), the erdc 01 the 
object may bo attached with a little gum to the wall of the cell. 
The complete protection thus given to the Object is the great recom- 
mendation of this method. But this is by no means its only con- 
venience. Tt allows the slides not only to range in the ordmapr 
Cabinets, but also to bo laid one against or over another, and to be 
packed closely in cases, or secured by elastic bands ; which plan is 
extremely convenient not merely for the saving of space, but also 
for preserving the objects from dust. Should any more special 
protection be required, a tliin glass cover may be laid over ihe top 
of the cell, and secured there either by a rim of gum or by ^ 
forated paper cover attached to the slide ; and^ if it shoulc e 
desired to pack these covered .slides together, it is only necessary 
to interpose rjuards of card somewhat thicker than the glass covers. 

176. Tiorn-taUe.— This simple instrument (Fig. 12o), deyi^d by 
Mr, Shadbolt, is almost indispensable to the Microscopist w ^ 
desires to preserve preparations that are mounted in any mc^ 
beneath circular covers ; since it not only serves for the maKing 
those ‘ Cement-cells’ (§ 170) in which tliin transparent s 
be best mounted in any kind of ‘ medium,’ but also enables m 
apply his varnish for the securing of circular cover-glasses n y 
with greater neatness and quickness, but also with greater certam^y 

* It will bo found a very convenient plan to prepare a 2ins 

glides at once : and this may be done in a maryellously pyefs, 

of card have been previously cut to the exact size m a bo P 

• The slides, when put together, should be ^ess (Fig420V 

overy pair shoum have each of its ends enabnicedby a bpnng PC'© r 

until dry. 
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than he can by the hand alone. As the method of using it for the 
latter purpose is essentially the same as that already described 

Fig. 125. 




Sliadbolt’s Turn-tablo for making Cement- Cells, 
under the former head, it need not be here repeated ; tlie only 
special precaution to be observed, being that the cover-glass, not 
the slide, should be ‘ centred which can be readily done, if several 
concentric circles have been turned on the rotating-table, by making 
the cover-glass correspond with the one having its own diameter. — A 
number of ingenious modifications have been devised iu this simple 
instrument, with the view of securing exact centering ; the simplest 
of them (which has the advantage of being applicable at a trifling 
expense to any existing turn-table) being that of Mr. C. S. Rolfe.* 
But as it is often reqmsite to use this instrument with slides not 
accurately cut to size and shape, or of greater breadth than the 
** regulation’ 1 -inch, the Author is disposed to prefer the form devised 
by Mr. Dunningf (Fig. 12fi). The circular table, made rather 
P , thicker than usual, has a 

“ ’ dovetail groove ploughed 

out across its diameter, in 
/ wliich work two sliding 
/ j gui<les A, A, the ends of 

/ ^ which arc cut and 

/ ‘ si)rung,’ so as to have 

I ^ \ sufficiently firm hold. 

j I \ \ 't'Feseguides carry the two 

I ‘ — // \\\ ' which 

I I f ( f- O H 1 1 1 right angles to 

i \ ' / / I P:iiide, whilst the other 

\ \ pivotted, in order that 

\ I j it may adjust itself to 

\ II / any irregularity in the 

\ / form of the slide. — When 

Ny / Cement -cells are being 

I 1 made either with this or 

I "" the ordinary Turn-table, 

Ts • 1 m ill it is convenient to mark 

Bummig 8 Turn-table. ^ 

° the centre oi each shde 


Dunning’s Turn-table. 


■with a dot of ink on its under surface ; this may be easily applied 
in its right place by laying on it a slip of card cut to the regulation 

* Journal of the Quekett Microscopical Club/’ Vol, v., p. 249. 
t Op. cit, Vol. vi., p. 81. 
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size, trith a small central perforation; and by so laying down the* 
slide that the dot lies on the centre of the rotating plate, much 
trouble may afterwards be saved. 

177. Mounting Plate and Water-Bath . — IVheneyer heat has to he 
applied either in the cementing of Cells or in the mounting of Ob- 
jects, it is desirable that the slide should not be exposed direct to 
the flame, but that it should be laid upon a surface of regulated 
temperature. As cementing with Marine Glue or hardened Canada 
Balsam requires a heat above that of boiling water, it must be 
supplied by a plate of metal ; and the Author’s experience leads 
him to recommend that this should ])e a piece of iron not less 
than six inches square and half an inch thick ; and that it 
should be supported, not on legs of its own, but on the ring 
of a Hetort- stand, so that by raising or lowering the ring, any 
desired amount of heat may be imparted to it by the lamp or gas- 
flame beneath. The advantage of a plate of this size and thickness 
consists in the gradational temperature which its different parts 
afford, and in the slowness of its cooling when removed from the 
lamp. When many cells are being cemented at once, it is con- 
venient to have two such plates, that one may be cooling while the 
other is being heated.— The lietort-stand also serves for the sup- 
port of the Water-Bath, wliich affords the lujat required for liquefy- 
ing and mixing the fats em]doyed in the imbedding process (089), 
for melting the glycerine jelly or other media used in mounting, 
and for a variety of other purposes. A circular-bottomed flat tin 
vessel, 6 inches in diameter and 2i inches deep, with a handle like 
that of a saucepan, and two covers, — one aflat plate of 8 inches 
square (its edges guarded by being turned over wire) for slides to lie 
upon, having a hole large enough to admit a small bottle of cement 
or medium, — the other fitting tlie vessel, but with an opening large 
enough for a porcelain basin,— will answer every purpose. 

178. Slider-Forceps, Spring-Clip, mnl Spring-Press.—'^ox holding 
slides to which heat is being applied, especially while cementing 
objects to be ground-down into thin sections, the wooden Slider* 
Forceps (Fig, 127) will be found extremely convenient. This, by its 

Fig. 127. 



Slider-Forceps. 

elasticity, affords a secure grasp to a slide of any ordinaiy thick- 
ness, the wooden blades being separated by pressure the br^s 
studs : while the lower stud, with the bent piece of brass at the 
lunction of the blades, affords a level suiiport to the forceps, which 
thus, while resting upon the table, keeps the heated glass from 
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'Contact with its surface. For holding-down cover-glasses whilst 
the balsam, or other medium is cooling, if the elasticity of the 

object should tend to make them 
Fig. 128 . spring-up, the wire Spring-Clip 

(Mg. 128), sold at a cheap rate by 
dealers in Microscopic apparatus, 
will be found extremely conve- 
nient. Or, if a stronger pressure 
be rcipiired, recourse may be had 
to a simple Spring-Press made by 
a slight alteration of the ‘ Ame- 
I'ican clothes peg’ which is now in 
Spring-Clip. general use in this country for a 

variety of purposes ; all that is 
necessary being to rulj down the opposed suri'aces of the ‘ clip* 
with a flat flic, so that tliey shall be parallel to each other when 

an ordinary slide with 
Fig. 121). its cover is interposed be- 

tween them (Fig. 129). 
One of these convenient 
little implements may also 
be easily made to seiwe 
the purpose of a Slider- 
forceps, by cutting back 
the upper edge of the clip, 
Spring-Press. atnl filing tne lower to 

such a plane, that when 
it rests on its flat side, it shall hold the slide parallel to the surface 
of the table, as in Fig. 127. 

179. Mounilng Iiiafrumrut . — A simple mode of appl 3 dng gradu- 
ated pressure concuiTently with the hea-t of a lamp, which will 
be^ found very convenient in the mounting of certain classes of 
objects, is afforded by the Mounting instrument devised by Mr. 
James Smith. This consists of a plate of brass turned up at its 
edges, of the proper size to allow the ordinary glass slide to lie 
loosely in the bed thus formed ; this plate has a large perforation 
in its centre, in order to allow heat to be directly applied to the 
slide from beneath ; and it is attached by a stout wire to a handle 
(Mg. 130). Close to this handle there is attached by a joint aiL 

Fig. 130. 





Smith’s Mounting Instrument. 

upper wire, which lies nearly parallel to the first, but makes a 
downward turn just above the centre of the slide-plate, and is temi-^ 
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Bated by an ivory Icnob; tbiB wire is pressed upwards by a 
spring beneath it, whilst, on the other hand, it is made to approxi- 
mate the lower by a milled-head turning on a screw, so as to oring 
its ivory knob to bear with greater or less force on the covering 
glass. The special use of this arrangement will be explained here- 
after (§ 210). 

180. Dissecting Apparatus , — The mode of making a dissection 
for Microscopic purposes must bo determined by the size and cha- 
racter of the object. Generally speaking, it will bo found advan- 
tageous to carry on the dissection under Water, with which Alcohol 
should 1)6 mingled where the substance has been long immersed in 
spirit. The size and depth of the vessel should be propoi’tioucd to 
the dimensions of the object to be dissected; since, for the ready 
access of the hands and dissecting-instrninents, it is convenient that 
the object should neither be far from its walls, nor lie under any 
great depth of water. Where there is no occasion that the bottom 
of the vessel should be transparent, no kind of Dissecting trough is 
more convenient than that which every one may readily make for 
himseK, of any dimension he may desire, by taking a piece of sheet 
Gutta-percha of adequate size and stoutness, warming it sufficiently 
to render it flexible, and then turning-np its four sides, drawing 
out one corner into a sort of spout, which serves to pour away its 
contents when it needs emptying. The dark colour of this sub- 
stance enables it to furnish a back-ground, which assists the 
observer in distinguishing delicate membranes, fibres, Ac., espe- 
cially when magnifying lenses are employed; and it is hard 
enough (without being too hard) to allow of pins being fixed into 
it, both for securing the object, and for keeping apart such portions 
as it is useful to put on the stretch. When glass or earthenware 
troughs are employed, a piece of sheet-cork loaded with lead must 
be provided, to answer the same purposes. In carrying-on dis- 
sections in such a trough, it is frequently desirable to concentrate 
additional light upon the part which is being operated-on, by 
means of the smaller Condensing-lens (Fig. 86) ; and when a low 
magnifying power is wanted, it may bo supplied either by a single 
lens mounted after the manner of Boss’s Simple Mioro8coj>e 
(Fig. 31, b), or by a pair of Spectacles mounted with the ‘semi- 
lenses ’ ordinarily used for Stereoscopes.* Portions of the body 
under dissection being floated-olf when detached, may be conve- 
niently taken up from the trough by placing a slip of glass beneath 
them (which is often the only mode in which delicate membranes 
can he satisfactorily spread out) ; and may be then placed under 
the Microscope for minute examination, being first covered with 

♦ Tho Author can strongly recommend these Spectacles, os useful in a 
variety of manipulations which are best performed under a low magnifying 
power, with the couioint use of both ©yes. — Wliere a higher power is needea, 
recourse may bo aavantageously had to Messrs. Beck’s 3-iuch Achromatic 
Binocular Magnifier, which is constructed on the same principle, allowing the 
object to be brought very near the ©yes, without requiring any uncomfortable 
eonvergenoe of their axes. 
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thin glass, beneath the edges of which is to be introduced a 
little of the liquid wherein the dissection is being carried-on. 
Where the body under dissection is so transparent, that more 
advantage is gained by transmitting light through it than by 
looking at it as an opaque object, the trough should have a glass- 
bottom; and for this pur}) 08 e, unless the body be of unusual size, 
some of the Glass Cells already described (Figs. 121-123) wiU 
usually answer very well. The finest dissections may often be 
best made upon ordmaiy slips of glass ; care being taken to keep- 
the object sufficiently surrounded oy fluid. For work of this kind 
no simple instrument is more generally serviceable than the Labora- 
tory Dissecting Microscope (Fig. 35), which will carry any power 
from a 3-mch to a l-4tn inch ; whilst the Stephenson Erecting 
Binocular (Fig. 47) may be used with the like supports for the 
hands, when a higher power is preferred. 

181. The Instnimmfs used in Microscopic dissection are for the- 
most part of the same kind as those which are needed in ordinary 
minute Anatomical re.search, such as scalpels, scissors, forceps, 
&c . ; the fine instruments used in operations uj)on the eye, how- 
ever, will commonly bo found most suitable. A ^pair of delicate 
Scissors, curved to one side, is extremely convenient for cutting open 
tubular parts ; these should have their points blunted ; but other 
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scissors should have fine jioints. A pair of ycry fine-pointed 
^issors (Fig. 131), one leg of which is fixed in a light handle, and 
the other kept apart from it by a spring, so as to close by the pres- 
sure of the fmgor and to open of itself, will be found (if fhe blades 
be well sharpened) much superior to any kind of knives, for cutting 
through delicate tissues with as little disturbance of them as 
possible. — A pair of small straight Forceps with fine points, and 
another pair of curved forceps, will be found useful in addition to. 
the ordinary dissecting forceps. 

182. Of all the instruments contrived for delicate dissections,, 
however, none are more serviceable than those which the Micro- 
scopist may make for himself out of ordinary needles. These- 
should be fixed in light wooden handles’** (the cedar sticks used for 
camel-hair pencils, or the handles of steel-penholders, or small Por- 

• The handles of ladies’ Crochet-needles have been recommended for thi» 
purpose ; and although they afford the facility of lengthening or shortening 
the acting point of the needle'at will, and also of carrying a reserve store of ' 
needles at the other end, yet the Author would decidedly recommend the use 
of the wooden handles, of which it will be found convenient always to have 
several at hand, mounted with needles of different sizes. 
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supine-quills, will answer extremely well), in sucli a manner that 
their points should not project far,^ since they will otherwise have 
too much * sprinf^;’ much may be done by their mere fcaWnr/ action; 
but if it be desired to use them as nitfiiKj instruments, all that is 
necessary is to harden and temper them, and then give them an 
edge upon a hone. It will sojiietinios be desirable to give a finer 
point to such needles than they originally possess ; this also may 
be done upon a hone. A needle with its point bent to a right angle, 
or nearly so, is often useful ; and this may bo shaped by simply 
heating the point in a lamp or candle, giving to it the required turn 
with a pair. of pliers, and then hardening the point again by re- 
heating it and plunging it into cold water or tallow. 

183. 8o.dioa-mttwfi . — The young Microscopist will do well to 
practise the cutting of thin Sections of soft Vegetable and Animal 
substances with a sharp Eazor : considerable practic(/‘ is needed, 
however, to make effectual use of it ; and some individuals acquire 
n degree of dexterity which others never succeed in attaining. The 

Fig. 132. 


(Curved Scissors for Cutting Thin Sections, 

making of hand-sections will be greatly facilitated by the previous 
use of the hardening and imbedding processes to be hereafter df- 
scribed (§§ 189, 199); but tlic best of them rarely equal good 
sections cut by a Microtome, — For the preliminary examination of 
any soft structure, such a pair of Scissors as is represented in Fig. 
132 will often be found very useful; since, owing to the curvature-, 
of the blades, f the two extremities of a section taken from a flat 
surface will generally be found to thin away, although the middle 
of it may be too tliick to exliibit any structure. The two-bladed 
Knife contrived by Prof. Valentin was formerly much used for 

• The following is the mode in which the Author has found it convenient to 
mount his Needles for this and other purposes: — The neiMlle being held hnnly 
in a pair of pliers grasped by the right hand, its point may bo forced into the 
end of acethir or otlior stick held in the loft, until it has entered to the depth 
•of half an inch or more ; the needle is then cut off to the desired length (the 
eye-end Iwdng thus got rid of) ; and being then drawn out of the stick, the 
truncated end is forced into the hole pi’cviously made by the point, until it 
•cannot be made to penetrate forthor, whenit will be found to be very securely 
fixed. The end of the handle which embraces it may thou be bevelled-away 
round its point of insertion. 

f It is difficult to convoy by a drawing the idea of the real curvature of tlda 
instrument^ the blades of which, when it is hold in front view, curve— not to 
•either side— but towards the observer ; these scissors being, os the French 
instrument-makers say, courUa tur le plat. 
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cutlaBg mujroscopic sections of soft tissues : but as such sections, 
can be cut far more effectively by the methods to be presently de- 
scribed, a mere mention of this instrument will here siiflBce. 

184 . There is a large class of substances, of moderate- 

hardness, both Animal and Vegetable, of which extremely thin and 

uniform slices can be 
Fio. 133 , made by a sharp-cut- 

ting instniment, if 
they be properly held 
and KU])ported. and the 
thickness of the sec- 
tion be regulated by 
a mechanical contn- 
vance ; such are, in 
particular, the Stems 
and Roots of Plants, 
and the Horns, Hoofs, 
(hirtilages, and simi- 
larly firm structures 
of Animals. Various 
c-ostly machines have 
been devised for this 
]>ur2-)08e, some of them 
characterized by great 
ingenuity of contri- 
SiiMpl»> Microt()in(‘. vance and beauty of 

workinauslii]) ; butmost 
of the purposes to which these are adapted will be found to be 
answered by a very simple and inex2>ensive little instrument, which 
may either be held in the hand, or (as is 2>referablc) may be firmly 
attached by means of a T-shaped idece of wood (Pig. Hkl), to the 
end of a table or work-bench. This instrument essentially consists 
of an upright hollow (‘ylinder of brass, with u kind of jaston which 
is pushed from below upwards by a fiiu'-tbreaded or ‘ micrometer' 
screw turned by a large milled-bead ; at the ii2'>j)er end the cylinder 
terminates in a brnss table, which is 2>lanecl to a fiat surface, or 
(which is 25 veferable) has a 2>icce of 2)late-glass ccmentc^d to it, to 
form its chitting bed. At one side is seen a small milled-head, 
which acts upon a ‘ binding screw,' whose extremity 2:>rojects into 
the cavity of the cylinder, and serves to compress and steady any- 
thing that it holds. For this is now generally substituted a pair 
of scrtuvs, working through the side of the cylinder, as in Fig. 120 . 
A cylindrical stem of wood, a piece of horn, whalebone, cartfiage, 
ifec., is to be fitted to the interior of the cylinder so as to project a 
little above its top, and is to be steadied by the ‘ binding screw ; ' 
it is then to be cut to a level by means of "a sharp knife or razor 
laid flat upon the table. The large milled-head is next to be moved 
through such a portion of a turn as may very slightly elevate the 
suhstSioc to be cut, so as to make it project in an almost in sen- 
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siblo degree above the table» and this projecting part is to be slice^l 
oit* with a knife previously dipped in water. For many purposes, 
an ordinary razor will answer sufficiently well ; but thinner ami 
more uniform sections can be cut by a special knife, having its edge 
parallel to its back, its sides slightly concave, and its back with a 
uniform thickness of rather less than l-4th inch. Such a knife 
slioiild be 4 or 5 inches long, and 7-8tlis inch hroad ; and should 
Ix^ set in a box- wood handle about 4 inches long (Dr. S. Marsh). 
'Hie motion given to its edge should be a combination of drawlnr} 
and (It will be generally found that Ixdtor sections arc 

made ])y working the knife the operator, than {nirards him). 
When one slice has been thus taken off, it should ])e removed from 
the blade by dipping it into water, or by the use of a camel-hair 
brusli ; the millod-head should be again ad\ aiuunl. and another 
section taken : and so on. Diffcnmt snl)stancos will be found botli 
to l>oar and to require different degrees of tbickiiess; and the 
amount that suits each can only he found by trial. It is advan- 
tageous to have the large milJed-luMid graduated, and furnished 
with a lixed index ; so that this amount having been once deter- 
mined, tlie screw shall be so turned as to always ]>rodnc(‘ the exact 
elevation recpiired. — Where the substance of whi(;h it is desired to 
obtain sections by this instrument is of too small a size or of too 
soft a texture to ]>e lield firmly in tin* manner jnst described, it 
may be ])lacod between the two vertical halves of a cork of suitable* 
size to be pressed into the cylinder; and tlie cork, with the object 
it gras])s, is then to be sliced in the manner alnjady described, th{' 
small section of the latter being carefully taken-off tlie knife, or 
fioated-away from it, on each occasion, to pveviuit it from being 
lost among the lamella) of cork which are removed at the same tiriU!. 
Veriical sections of many Leaves may l>e siu'cessfully made in this 
way ; and if their texture be so soft as fr> be injured by the pres- 
sure of the cork, they may be i>la.ced between two halt-cylinders 
of caiTot or elder-pith. 

185. llalleHH MieroUmoe . — The foregoing simple form of Micro- 
tome has received, at various hands, numerous modifications ol’ 
detail, without any essential change in its plan of construction. 
Its chief defect is, that as the body to be cut is directly acted-on 
by the screw at the bottom of the cylinder, its motion (if it be 
tightly held by the binding screws) is apt to lie jerky and irregular. 
To remedy this defect, Mr. H. P. Hailes has devised an improved 
model, the essential feature of which is that the body to be cut is 
secured^ within an inner tube, which, sliding freely within the outer 
cylinder, is raised smoothly and equally by the micrometer screw 
attached to the base of the latter, as shown in Fig. 1134 (i, 2 ). The 
entting-bed formed by the flange b, is provided with two slips hot 
hardened steel, on which, in ordinary section-cutting, the knife 
or razor slides horizontally, as in the ordinary Microtome. But by 
the addition shown in 3 , 4 , this instrument can also bo effectively 
adapted for cutting thin sections of substances hard enough to 

o 2 
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require the use of the saw. At 'the back of the cuttiug-bed, there 
can be secured (by meaus of a screw and steady ing-pins) a metal 

Fm. 134. 



JJailes’s Microtomo. 

The two npi . r iiguros show the inistruinoot Q) as eoeii from 
tl»o Hitlo, (2) us siK'ji in section: — A, outer cy]iiidor,cttn*yingnpper 
flango B, on wlio.sc, surface lie two strips of hard steel, b, b; this 
flange is tixi'-d to the bar o, which carries a clamp and screw for at- 
taching the Microtome to a table ; in the sectional figure (^2) is 
seen the inner tube c, within which the substance to be cut is 
fixed by the two binding screws c, c, which work through a slot 
in the outer cylinder; to the bottom of the inner tube is fixed a 
block B, through which works the micrometer-screw e, turned by 
the milled-head e in the bracket p attached to the bottom of the 
ouhu cylinder, and having a graduated collar/. 

The two lower figures show the additional Saw-guido, seen 
from the side at 3, and from alxive at 4 : — b\ metal block with a 
screw to secure It on cuttiug-bed ; h®, h*, steel guides. 

block, h\ wbich carries two guides h\ of hard steel; and these, 
when thus attached, lie over the two similar strips fixed on the 
cutfang-bed. By passing the blade of a fine saw between the 
moTade guides and the fixed strips, and screwing down the former 
(which are raised by a spring) as far as will confine the saw with- 
out impeding its working, sections o£ Bone, Teeth, &c., may be cut 
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as as the nature of the substance will allow, and with a imi- 
forinity that \nthout such guidance cannot be attained.— -When 
the Microtome is employed for this last purpose, the saw may be 
most conveniently worked vertically ; and tliis is readily done by 
detaching the instrument from the table, and holding it down upon 
its clamp-aide, which is so shaped as to afford a level support. 

186. In what is known as the Stnishimj Mlrrofovio, invented by 
Prof. ScHefferdeckor, the substance to be cut is^/f^^'erHuthe cylinder 
by binding-screws, while the circular cutting-bed, instead of being 
fixed on the upper end of the cylinder, is made to norm upon it, so 
as to be raised or lowered by turning it round. Thus, after a sec- 
tion has been taken, a slight lowering of the ciitting-hed, measured 
by the graduation of its margin, prepares it for the cutting of the 
next.f — The simplicity of this instrument, which is made to bo 
held in one hand whilst the section is cut with the other, is its 
great recommendation. 

187. Imbedding and Freezing ^Hrrotomes. — For making thin 
sections of soft tissues, however, preference is now generally given 
to Microtomes in which the substance to be cut is so imbedded in 
some material that dlls the cylinder, that it does not need to be 
fixed by binding-screws, being pushed upwards by the action of the 
micrometer-screw beneath ui)on the imbedding plug. This plug 
may be either a cylinder of carrot, turnip, potato or elder-pith, cut 
to nt the well of the Microtome, and excavated to receive the sub- 
stance to bo cut ; or it may bo a cast of the interior, made either by 
pouring into it paraffine or some similar Hiibstance liquefied by 
heat (§ 189), or by filling it with thick gum-mucilage which is then 
rendered dense by cold (§ 191). The latter jdan was first devised 
by Prof. Rutherford, whose Freezing Microtome, in which the 
upper part of the cylinder is surrounded by a well filled with a 
freezing-mixture, has now come into general use. — The substitution 
of ether-spray for ice-congelation was suggested by Mr. Sevan 
Lewis ; and an improved model, which can be usea either as a 
Freezing or as an Imbedding Microtome, has been devised by 
Messrs. Beck. An ingenious method of so attaching the cutting- 
blade by a ‘ i^arallel-motiou,’ as to make its edge at the same time 
move tangentially and transversely to the plane of section, has 
been devised by rrof. Seiler of Philadelphia, and has found much 
a])proval, as well in this country as in the United States.f 

188. llivet-Leiscr Microtome. — For the cutting of very thin sec- 
tions of soft Animal or Vegetable subtances which may be advan- 
tageously imbedded in paraffine or some other hard fat (§ 189), no 
instrument is more effective than that represented in Fig. 135, 
which is known as the ‘ Leipsig * or ‘ Rivet-Leiser ’ Microtome. 
This has for its base an oblong solid metal plate, from which rises 

• “Quart Journ. of Microsc. Science," Vol. xvxi. (1877), p. 35.— Another 
Microtome, suggested by the preceding, is described by Mr. W. Teesdft-ls lu 
“ Joum. of Roy. Microsc . 8oc.,»’ Vol. iii. (1880), p. 1085.' 

f “Joum. of Roy. Microsc. Soc.," Vol. ii (1870), p. 820, 




lUvet-Loiser Microtome a, as secu from tho front ; b, as sc'cn from bohiml. 


smoothly-plaiicd plate, like a slielf sloping inwards ; but while the 
edge of one of thcKo shelves is ]nir{iUcl to the base, that of the 
other is parallel to the inclined margin of tho vertical plate. On 
the former slides a caixier bearing a Knife, the position of which can 
l>e adjusted and fixed by means of a hinding-screw that works 
through a slot in its handle ; whilst on the latter there slides an 
Object-camer, consisting of a clamj), whose opening is controlled 
by a bimiing-screw, for holding the block of paraffine in which the 
substance to he cut is imbedded. From this description it will be 
obvious that when the carrier that bears the knife (as seen at a) is 
slid from one end of its shelf to the other, the knife always remains 
on tho same level ; but that when the Object-cari’ier is similarly slid, 
(from right to left in Fig. s), it gradually rises, always keeping at 
the same height in relation to the inclined edge of the vertical 
plate, lliis edge being graduated, and a ‘ vernier’ being engraved 
on ihecarri^e, the progressive elevation of the surface from which 
the section is to he taken can be measured with the most minute 
exactness ; as the substitution of the inclined plane for the screw 
altoffether does away with the ‘ lost time’ from which the action of 
the latter is seldom entirely free. The manner in which the knife 
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is attached to its carriage, enables it to be so fixed as to give any 
proportion that may be desired between the sUdhifj andthe nrmbw/ 
'Cnt. — The simple model here described is extensively used on the 
Continent; and the Author can endorse its reputation from large 
personal experience. Certain modifications nave been recently 
jnade in it, however, which must not be passed without notice. One 
‘Oi these relatCvS to the mode in which the block of paraffine is held 
in its carrier, so that the ])osition of the body imbedded in it may 
be varied, witbout taking the block out of the clamp. The screw a 
f(Fig. lJ3b), working through the fixed piece 6, brings the movable 
piece c (whicb is guided 
by two pins that work 
through h) against the 
fixed piece and thus 
secures the Ijody to 
he cut. The clamp 
is connected by means 
of the bent arm e , 
with the block /, tlu^ j 
upper surface of which 
is rounded ; and on 
this it can be moved 
in a }>lQ>U(i i')arallel to 
tlic inhhlle ])late of 
the iustriinient, ho as 
to take a positiem 
more or less oblique, in 
which it may be fixed 
l)y the binding-screw (f 



liuprovod Object Carrier for the lUvet-Leiscr 
Microtome. 


)y tno Dinamg-screw r/. The block/ again, is connected with 
the fixed block //, by a pivot passing through the latter ; and on 
this it may be rotated in a plane at right ^ angles to the middle 
plate, being fixed in any position by the binding-screw h By the 
combination of these two movements, the object can be placed (and 
then fixed) in such a position that the sectional plane shall traverse 
it in any desired direction.- The knife-carrier is also funiishcd 
with screws, that enable the inclination of the blade to be regulated 
with great precision. And, if desired, the object-carrier may be 
advanced up its incline by a screw traversing the entire length of 
the instrument, instead of by hand ; an addition, however, wluch 
seems to the Author quite nnnecessaiw, and certainly not woriu 
its cost.* — This Microtome can be made in^ hard wood at a lower 
-cost than in metal, and with very little sacrifice (if any) oi efficiency ; 
and it has been lately recommended that the body of the 
ment should be divided longitudinally, and its two halves attuned 
one end, but made to diverge at the other at any angle, being 
there fixed by a clamping screw.f 


* “Joum. of Koy, Microsc. Soc.,” Vol. ii. (1880), p. 334. 

t Brandt in ** Zeitflchrift fiir Mikrosk.,” Bd. ii. (1880), p. 1/^. 
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len^lienod poriod at a gcntio warmth, either in a strong mucilage of 
(xum Arabic, or in a solution of Gelatine that will ‘ set’ on cooUng,. 
its cavities having been laid open sufficiently for the gradual pene- 
tration of the liquid to their interior. The entire mass being then 
exposed to th^ air, the slow evaporation of its water will at last 
reduce it to a consistence sufficiently firm to enable sections of it 
to be taken; or the water may be drawn out by steeping ifi 
Alcohol. This plan has been found to answer for the entire bodiea 
of Insects, Stems of herbaceous Plants, and the like,*— But wh«n 
the sections are to be cut of the extreme thinness required tor* 
showing minute histological detail, it is much bettor to use either 
Paraffine slightly softened with lard, or‘ Cacao-butter, which 
has been much recommended for the imbedding of structures of 
extreme delicacy. The material to be cut must be first de)i/ydrated,. 
or deprived of its Water ; which is done by letting it lie for a time in 
ordinary Spirit, then transferring it to Rectified spirit, and at last 
treating it with absolute Alcohol. From this it is to he transferred 
to some volatile oil ; oil of bergamot being used for delicate objects ; 
oil of turpentine answering sufficiently well for larger bodies. 
When this has completely replaced the spirit, the body is to be 
immersed for some little time in a hot saturated solution of paraffine 
in oil of turpentine. When it has lain sufficiently long in this to 
be thoroughly penetrated, it is to be immersed in the melted 
paraffine, which should not be more heated than is necessary to 
keep it quite liquid ; and it should be moved about in this for some 
little time, an occasional gentle squeeze being given to it with the 
forcej^s, so that the solution may be replaced as completely as pos- 
sible by the liquefied j^araffine. When hardened by cooling, the 
substance thus prejiared may be ‘ imbedded’ in any ordinary cylin- 
der IMicrotome, in the manner already described ; the coating with 
gum being of course omitted. But if the sections are to be made 
either with the Bivet-Leiser Microtome, or by hand, it is nccessafy 
to provide a mould into which the imbedding material can no 
poured. This may be made of cylindrical form, by twisting a 
strip of paper round the end of a small ruler ; or a brick- sha|^ 
block maybe cast in a mould made by turning up the edges of a 
suitably-sized piece of paper, and pinning together the cross-folds 
at the two ends. But it is generally more convenient to use for 
this purpose small boxes of tin 2 inches long, and 3-4ths of an 
inch in breadth and depth, with removable l)ottoms. A small 
piece of filtering paper being placed between the bottom and the 
sides of the box, and the substance to be imbedded being held m 
it in the most suitable position, the paraffine is poured-in until the 
box is completely filled, and this is set aside to cool. When fffie 
paraffine has perfectly solidified, the box is to be lifted on its 
bottom ; and the block, being pushed out of it, is then ready tor 
cutting, — In using the section-knife, care should be taken to k^p 
it constantly wetted with methylated spirit ; and it is de^we 
tliat each section should be removed from it before another is taken-- 
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WlieMi, for tho fitody of tlie anatomy of an animal, sections ar<^ 
being talceii in 8e^*io8, and it is imiwrtant that their order shouKl 
he preserved, a set of watch-glasses should he previously provided, 
each about hiiplf filled with spirit, and the sectionfi successively 
ta3ten should be dropped singly into them ; care being taken in the 
arrangement of the glasses to maintain the relative position of the 
aecfions. In order to dissolve out the imbedding material, the 
aeetions should be soaked in oil of turpentine with about one-fourth 
|»*t of ereasote; and if its structure is suitable for examination with 
idgh powers, it may he cleared by a short immersion in oil of 
'Owes, ^Ph^ are then to be mounted either in Canada balsam 
acdntion (§ W9) or in Dammar cement. 

im. When the freezing process is employed, the substance 
to he out (which may either be fresh, or thave been hardened 
by some of the processes to be hereafter described, § 199) must 
be thoroughly penetrated by a thick solution of gum ; for this, 
when frozen, does not become ciystalline, and may be cut like 
oheese. If the snbstan^'o to be cut has been immersed in alcohol, 
this must be completely removed in the first instance by iminer- 
Kion in water for from six to twenty-four hours, according to 
the size of the mass; for the gum will not penetrate any part wnich 
is still alcoholized. And the substance should be then immersed 
in the gum-solution for from twelve to twenty-four hours before it is 
frozen ; in order that every part may bo penneated by the gum, 
and no water be left to form crystals of ice. If the freezing Micro- 
tome of Prof, hutherford * he employed, the freezing-box should b(‘ 
filled with alternate s])oon8full of salt and either snow or finely 
powdered iee, which are to be stirred round the well previously 
nBed with the imm solution. With the Ether-spray Microtome, 
freeziug is x)roduced by the rapid evaporation of the liquid 
injected into the freezing chamber. In either case, the substjmee to 
be cut is to lx? introduced into the well, as soon as the gum begins 
to harden at its periphery ; and should bo held in place until fixed 
by the advancing congelation. In cutting the sections, no wetting 
of the knife is necessary ; as it is kept sufficiently wetted by the 
thawing gum. The sections should be placed in methylated spirit 
diluted with twice its volume of water ; and this soon not only 
dissoltes out the gnni, but removes any air-bubbles the sectiou 
may contain. If the section is to be at once mounted (which should 
always be done if it is very delicate and liable to be spoiled by 
manlptdation), it should be placed on a slide before it has thawed, 
and Washed by foi-ming around it a little pool of dilute spirit, 
which may be readily changed two or three times by the glass 
fiyringe (§ 127), Sections cut by the freezing process may for the 

* This instnunoiat has rt^ceived various improvements since it was first 
•dovimd, and should bo obtained from Mr. Gardner, South Bridge, Edinburgh, 
-—the xUAlcer recommended by its inventor. It may be employed also as an 
H)rdina*y ‘Imbed^ng* Microtome, when the ‘imbedding’ is thought preforabh‘ 
to the nvc'zing process. 



SECTIONS OF HAEB SUBSTANCES, 


23a 


most part bo mouated in glycerine jelly, for wbiob no other prepara- 
:tioa will be needed than the use (if desired) of the Staining process 
hereafter to be described (§ 202). But if, for the sake of rendering 
the sections more transparent, mounting them in Canada balsam 
•or Dammar is preferred, they must be treated first with strong 
spirit, then with absolute alcohol, and then with either oil of cloves 
or oil of turpentine.— It is claimed by Dr. Eutherford as "tie 
special a4vantage of the freezing process, that “ delicate organfl, 
“ such as the retina, the embryo, villi of the intestines, lung, trachea 
with its ciliated epithelium, may ^1 be readily cut without fear 
'** of their being destroyed by the imbedding agent.” When im* ' 
bedded in paraffine, very delicate structures are more liable to 
idamage; the villi of the intestine, for instance, being often 
denuded of their epithelium, and sometimes themselves tom. 

192. Grinding and Polishing Sections of Hard Substances. — Sub- 
stances which are too hard to be sliced in a Microtome — such 
as Bones, Teeth, Shells, Corals, Fossils of all kinds, and even 
some dense Vegetable Tissues — can only be reduced to the 
re<^nisite thinuesa for Microscopical examination, by grinding-down 
thick sections until they become so thin as to be transpamni. 
Greneral directions for making such prei^arations will be here given 
but those special details of management which particular substances 
may require, will be given when these are respectively descril^d." 
The first thing to bo done will usually be to procure a seetdou oi 
the substance, as thin as it can be safely cut. Most substances not 
siliceous may be divided by the fine Saws used by artizans for cut- 
ting brass ; and these may be best worked either by a mechanical 
arrangement such as that devised by Dr. Matthews, f or, if by hand, 
between * guides,* such as arc attached for this purpose to Hailes s 
and some other Microtomes. But there arc some bodies (such as 
the Enamel of Teeth, and Porcellaneous Shells), which, though 
merely calcareous, are so hard as to make it very difficult and 
tedious to divide them in this mode ; and it is much the quicker 
operation to slit them with a disc of >soft iron (resembling that used 
by the Lapidary) charged at its edge with diamond-dust, which disc 
may he driven in an ordinary lathe. Where waste of material is of 
no account, a very expeditious method of obtaining pieces lit tf> 
grind down, is to detach them from the mass with a strong pair of 
‘ cutting pincers,’ or, if they be of small dimensions, with ‘cutting 
pliers and a fiat surface must then be given to it, either by hold- 
ing them to the side of an ordinary grindstone, or by rubbmg on a 
plate of lead (cast or planed to a perfect level) charged with 
or by a strong-toothed file ; the former being the most suitab^loi 
the Juirdest siiostances, the latter for the toughest There 
substances, especially Calcareous Fossils of Wood, Bone, and leetn, 


* The following directions do not apply to SUicemts substances ,* aa sectioiv 
of these can only be prepared by those who possess a regular Jjapidary s a| 
paratus, and have been socially instructed in the 

t “ Journ. Quekett Microsc. Club,” Vol. vL (1S80), p. 83. 
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m tlie greofc^ oar© is requiired in the perfomanoe of theso 
|> ^»mBaT y operations, on accottnt of their extreme friability ; the 
vito^n produced by the working of the saw or the file, or by 
grinding on a rough surface, beiug sufficient to disintegrate even a 
thick mass, so that it falls to pieces under the hand ; such speci- 
mens, therefore, it is re(|uisite to treat with great caution, dividing 
them by the smooth action of the wheel, and then rubbing them 
down upon nothing rougher than a very fine ‘ grit,’ or on the ‘ co- 
ri^dum-files * now sold in the tool-shops, which are made by imbed- 
♦ling corundum of various degrees of fineness in a hard resinous 
substance. Where (as often happens) such spe(dmens are sufficiently 
porous to a(lmit of the penetration of (Jana<la Balsam, it will be 
desirable, after soaking them in turpontine for a while, to lay some 
liquid balsam ujiou the jiarts through whicli tiie section is to pass, 
and then to place the specimen before a fire or in an oven for some 
little time, so as first to cause the balsam to run-in, and then to- 
harden it; by this means the specimen will be rendered much 
more £t for iiic processes it has afterwards to undergo. — It not 
unirequently happeuff that the small size, awkward shape, or 
extreme hardness of the body, occasions a difficulty in bolding it 
either for cutting or grinding ; in such a case, it is much better to 
attach it to the glass in the first instance by any side that happens 
so be fl.attest, and then to mb it down by means of the ‘ hold’ of the 
^lass upon it, until the projecting portion has been brought to a 
plane, and has been prepared for permanent attachment to the 
glass. Tins is the metliod which it is generally most convenient 
to pursue with regard to small bodies ; and there are many which 
can scarcely be treated in any other way than by attaching a 
number of them to the glass at once, in such a manner as to make 
them mutually support one another.'*' 

193. The mode in which the operation is then to be proceeded 
ysritli, depends upon whether the section is to bo ultimately set up 
in Canada balsam (§ 210), or is to be mounted ‘ dry’ (§ 109), or in 

• Thus, in making horizontal and vortical soetions of Foraminlfrra, as it 
would Iw impossihlo to slice them through, they iniist be laid close tO{j;otUur in 
H bed of hardened Canada Balsam on a slip of in bUch jiositions, that 

when rubbed down, the plane of section shall traverse them in the desired 
(liroctions ; and one Hat surface having been thus obtained for each, this must 
bo turned downwards, and the oth(>r aidt* pfroimd away. The following 
iugeniouB plan was snggcHtod by Br. Wallieh (“Ann. of Nat. Hist./’ 
Inly, Ibei, p. 68), for turning a numlx'r of minuU‘ (Objects together, and thus 
ayoiuing the tediousness and difficulty of turning e.och one separately 5 — ’Tho 

K ‘mena are cemented witli Canad.i Balsam, in the first instance, to a thin film, 
ca, which is then attached to a glass slide by the same means ; when they 
have been ground-down as far as may bt» desired, the slide is gradually heated 
just Bufficiently to allow of the detachment of the mica-film and the specimens 
it carries ; and a clean slide with a thin layer of hardened balsam having been 
prepared* the mica-film is transferred to it ’with the ground surface downwards. 
When its adhesion is complete, the grinding may be proceeded with ; and as 
the mioa-<film will yield to the stone without the least difficulty, the sperimens,, 
now reversed in position, m/iy be redncod to requisite thinness. 
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finid (§ 211). In the former case, the following is the pla& to 
pmrstied ‘The fiattened surface is to be polished fey rufefei&g it 
with water on a * Water-of-A 3 rr’ stone, or on a hone or ‘Tnrkey** 
stone, or on an ‘ Arkansas’-stone ; the first of the fhrae is the best 
for all ordinary purposes, feut the two latter, feeing much harder, 
may be employ^ for substances which resist it * When this has been 
sufficiently accomplished, the section is to be attached with h^ 
Canada balsam to a slip of thick well-annealed glass ; and as f^e 
success of tfee final result will often depend upon the completeness 
of its adhesion to this, the means of most effectually securing that 
adhesion will now be described in detail. 'Phe slide having been 
placed on the cover of the Water-bath, and the previously-hardened 
balsam having been softened by the immersion of the jar contain- 
ing it in the bath itself, a sufficient quantity of this should be laid 
on the slide to form, when spread out by li(pief action, a tliick drop 
somewhat larger than the surface of the object to be attached. Ihe 
slide should then be allowed to cool, in order that the hardness of 
the balsam should be tested^ If too soft, as indicated by its ready 
yielding to the thumb-nail, it should be hciitcd a little more, care 
being taken not to make it boil so as to form bubbles ; if too hard, 
which will be shown by its chipping, it should be rc-inclted and 
diluted with more llnid balsam, and then set aside to cool as before. 
When it is found to be of the right consistence, the section should 
be laid upon its surface with the polished side downwards ; the slip 
of glass is next to be gradually warmed \intil the balsam is softened, 
special care being taken to avoid the formation of Imbblos ; and 
the section is then to be gently pressed down upon the liqueffed 
balsam, the pressure being at first applied rather on one side than 
over its whole area, so as to drive the super lluous balsam in a sort 
of wave towards the other side, and an equable pressure being 
finally made over the whole. Tf this be carefully done, even a very large 
section may he attached to glass without the intervention of any 
air-bubbles ; if, however, they should present themselves, and they 
cannot be expelled by increasing the pressure over the part heneatn 
which they arc, or by slightly shitting tlu^ section from side to 
side, it is hotter to take the section entirely off, to molt a little 
fresh balsam upon the glass, and then to lay the section upon it as 
before. 

194. When the section has been thus secured to the glass, and 
the attached part thoroughly saturated (if it be porous) with hard 
Canada balsam, it may be readily reduced in thickness, either by 
grinding or filing, as before, or, if the thickness bo excessive, by 
taking off the chief part of it at once by the slitting wheel. 
soon, however, as it approaches the thinness of a piece of ordinary 

* As tlaeji(U7ie$8 of the polishod surface is a matter of the first importwtiioe, 
that of the Stones themselves should bo tested from lime to time ; and whon- 

ever they are found to have been rubbed-down on any ono part more than on 
another, they sbonld be flattened on a paving-stone with line sand, or On the 
lead-plate with emery. 
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card, it slio^d be rubbed down with water on one of the smooth 
stones previously named, the glass slip being held beneath the 
lingers with its 4ace downwards, and tne pressure being applied 
wim such equality that the thickness of the section shall be (as 
nearly as ^can he discerned) equal over its entire surface. As soon 
as it begins to be translucent, it should he placed under the Micro- 
scope (particular regard being had to the precaution specified in 
§ 143), and note taken of any inequality; and then, when it is 
again laid upon the stone, such inequality may be brought down 
by making special pressure with the forefinger upon the part of 
the slide above it. When the thinness of the section is such as to 
cause the w^ater to spread around it between the glass and the 
stone, an excess of thickness on either side may often be detected 
by noticing the smaller distance to which the liquid extends. In 
proportion as the substance attached to the glass is gi'onnd away» 
the superfluous balsam which may have exuded around it will be 
brought into contact with the stone ; and this should be removed 
with a knife, care being taken, however, that a margin he still 
left round the edge of the section. As the section approaches the 
degree of thinness which is most suitable for the display of its 
organisation, great care must bo taken that the grinding process 
bo not carried too far ; and frequent recourse should be had to the 
Microscope, which it is convenient to have always at hand when 
work of this kind is being carried on. There are many substances 
whose intimate structure can only be displayed in its highest per- 
fection, when a very little more reduction would destroy the section 
altogether ; and every Microscopist who has occupied himself in 
making such preparations, can tell of the number wliich he has 
sacrificed in order to attain this perfection. Hence, if the amount 
of material be limited, it is mlvisable to stop short as soon as a 
(food section has been made, and to lay it aside — ‘ letting well 
alone*— whilst the attempt is being made to procure a letter one ; 
if this should fail, another attempt may bo made, and so on, until 
either success has been attained, or the whole of the matenal has 
been consumed — tlio fivfif section, however, still remaining ; whereas^ 
if the first, like eveiy subsequent section, be sacrificed in the attempt 
to obtain perfection, no trace will be left “ to show what once has 
been.** In judging of the appearance of a section in this stage 
under the Microscope, it is to be remembered that its transparence 
will subsequently be considerably increased by mounting in Canada 
balsam : this is particularly the case with Fossils to which a deep 
hue has been given by the infiltration of some colouring matter, 
and with any substances whose particles have a molecular aggre- 
gation that is rather amorphous than crystalline. When a sufficient 
Sunness has been attained, the section may generally 1)6 mounted 
in Canada balsam ; and the mode in which this must be managed 
will be detailed hereafter (§ 210). 

105. By a slight variation in the foregoing process, sections may 
be made of structures, in which (as in Corals) hard and soft parts 
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arc comUnedf so as to show both to advantage. Small pieces of 
the substance are first to be stained thoroughly (§ 202), and arc 
then to be ‘ dehydrated* by alcohol (§ 190). A thin»joiution of copal 
in cliloroform is to be prepared, in which the pieces are to be 
immersed ; and this solution is to be concentrated by slow evapora* 
tion, until it can be drawn out in threads which become brittle on 
cooling. The pieces are then to be taken out, and laid aside to 
harden ; and when the copal has become so finu that the edge of 
the finger-nail makes no impression, they arc to be cut into suces, 
and ground-down attached to glass, in the manner already described, 
the sections being finally mounted in Canada balsam. — T^he sec- 
tions (attached to glass) may be partially or completely decalcihed. 
the soft parts remaining i)o sitn, by first dissolving out the copal 
with chloroform ; when, after being well washed in water, they 
should be again stained, and mounted either in weak spirit, or 
(after having been dehydrated) in Canaila balsam.* 

190, A difi'erent mode of jirocedure, however, must be adopted 
when it is desired to obtain sections of Bono, Tooth or other finely 
tubular structures, ?fapcuetratcd by Clanada balsam. If tolerably 
tldii sections of tliem can be cut iu the first instance, or if they 
are of fi size and shap<j to he held in the hand whilst they are 
being rougldy ground-down, there will ho no occasion to attach 
them to glass at all ; it is frecpiently convenient to do this at first, 
howc^ver, for the purpose of obtaining a ‘ hold’ upon the specimen ; 
lint the surface which has ])ecn tlyis attached must afterwards Ixt 
completely ru])hed away, in order to bring into view a stratum 
which the ( ’anada balsam shall not have penetrated. As none but 
substances i)()ssessing considerable toughness, such as Bones and 
I'eeth, can lie treated in this manner, and as these are the snb- 
stauces which are most quickly reduced by a coarse file, and are 
least liable to be injured by its action, it will be generally found 
])OHHible to reduce the sections nearly to the required tliinness, by 
laying them u])on a piece of cork or soft wood held in a vice, and 
operating upon them first with a coarser and then with a finer file. 
When this cannot safely bo carried farther, the section must be 
rubbed vlowu upon that one of the fine stones already mentioned 
(§ 19o) which is found best to suit it : as long as the section is 
tolerably tlii(;k, the finger may he used to press and move it; but 
as soon as the finger itself begins to come into contact with the 
stone, it must be guarded by a flat slice of cork, or by a piece of 
gutta-percha, a little larger than the object. Under either of thesCr 
the section may be rubbed-down to the desired thinness; but even 
the most careful working on the finest-grained stone will leave its 
surface covered with scratches, which not only detract from its 
appearance, hut prevent the details of its iutenial structure from 
being as readily made-out as they can he in a polished section. 

* See Koch in ‘^Zoologischfr Anzeip;.,” Bd. i., p. 3C. — Tho Author, haring seen 
(hy the kindness of Mr, H. N. Moseley) some sections of Corals prox»ared by 
this process, can testify to its complete success. 
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This polish mm Ijo imparted by nibbing the section with putty- 
powder (peroxide of tin) and water upon a leather strap, m^e by 
covering the surface of a Ixiard with buff-leather, having three 
or four thichnesBcs of cloth, ffonneb or soft leather beneath it; 
this operation must be perlbrmed on both sides of the section, 
until all the marks of the scratches left by the stone shall have 
been rubbed out; when the sjxjciinen will l>e fit for mounting ‘diy’ 
after having lieen carefully cleansed from any adhering particles 
of putty-powder. 

l97. TJemlrijimfuni, - When it is desired to examine the stnicture 
of the Organic matrix, in which the Calcareous salts are deposited 
that ^ve hardness to many Animal and to a few Vegetable struc- 
tures (such as the true ( 'oralHiies), these salts must be dissolved away 
by the action of some Mineral Acid, which may bo either >Jitric or 
Hydrochloric. 'ITiis should be tuiiployed in a very dilute state, in 
order that it may make as little change; as possible in the soft tissue 
it leaves behind. When the Lime is in the state of Carbonate (as, 
for example, ill the skeletons of 7'7<7;?a(a7cr/as, Chap, xiv.), the body 
to be decalcified should be jJaced in a glass jar or' wide-mouthed 
Ixittle bolding from 4 to f)o/. of water, and the acbl sliould be added 
drop by drop, until the disengagemeut ol air-bubbles shows that it 
is taking effect ; and the solvent process should be allowed to take 
place very gradually, more acid being added as required. When, on 
the other hand, much of the lime is in the state of PhoB])hate, as in 
Bones and Teeth, the Htrcngtlfoi the acid solvent must be increased ; 
and for the hardening of the softer parts ol! the organic matrix, it 
is desirable that Chromic acid should be uh{‘L In the case of small 
bones, or delicate portions of large (sucli as the cochlea of* the ear), 
a half per cent, solution of chromic acid will itself servo a,8 the 
solvent; but larger masses require either Vi trie or Hydrochloric 
acid in addition, to the extent ol 2 per cent, of the former or b per cent, 
of the latter. By some the <diromic and the nitric or muriatic acid 
are mixed in the first instance ; while by oi liers it is recommended 
that the bone sboiild lie first in the chromic acid solution for a 
week or ten days, and that the second acid should be then added. 
If the softening is not completed in a month, more acid must be 
added. When thoroughly decalcified, the bone should be trans- 
ferred to rectified spirit ; and it may then be either sliced in the 
Jdicrotome, or torn into shreds for the demonstration of its 
lamellsB. — Acid solvents may also be employed in removing the 
outer parts of (Jalcareous skeletons, for the dis]:>lay of their internal 
<»Yities (a plan which the Author has often found very useful in 
the study of Fommuiifera) ; or for getting rid of them entirely, so 

to bring into complete view any ‘ internal cast’ which may have 
Ijeeu formed by the silicification of its originally soft contents 
(Figs. 832, 8»87). It lias been in this mode, even more than by the 
cutting of thin sections, that the structure of Eosmi Canademe 
(Plate xvn.)has been elucidated by Professor Dawson and the Author. 
For the first of these puiq^ioses, Arong acid should be applied (under 
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the Dissecting Microscope) with a fine cameFs hair pencil ; and 
another such pencil charged with water should be at hand, to enable 
the observer to stop the solvent action whenever he thinks it has 
been carried far enough. For the second, it is better that the acid 
should only be strong enough for the slow solution of the shelly 
substance; as the too rapid disengagement of Vmbbles often produces 
displacement of delicate parts of the substituted mineral, whilst, 
if the acid be too strong, the ‘ internal cast! may be altogether 
dissolved away. 

198. Preparation of Vegetahle Substa/uccs . — Little preparation is 
r^uired, beyond steeping for a short time in distilled water to get 
rid of saline or other impurities, for mounting in preservative 
media specimens of the minuter forms of Vegetable life, or portions 
of the larger kinds of AlgcBy Fnwjiy or other succulent Cryptograms. 
But the Woody structures of Pha'iwroijmns are often so consoli- 
dated by gummy, resinous, or other deposits, that sections of them 
should not be cut until they have been softened by being partially 
or wholly freed from these. Accordingly, pieces of stems or roots 
should be soaked for some days in water, with the aid of a gentle 
heat if they are very dense, and should then be steeped for some 
days in methylated spirit, after which they should again bo trans- 
ferred to water. The same treatment may be applied to hard- 
coated seeds, the * stones’ of fruit, ‘ vegetable ivory,' and other like 
substances. — Some Vegetable substances, on the other hand, are 
too soft to be cut sufficiently thin without previous hardeningy 
either by allowing them to lose some of their moisture by evajpora- 
tion, or by drawing it out by steeping them in spirit. Either 
treatment answers veiy well with such substances as that which 
forms the tuber of the rotato ; sections of which display the starch- 
grains in situ. Where, on the other hand, it is desired to preserve 
colour, spirit must not be used ; and recourse may bo had to Oam- 
imbedding (§ 191), which is particularly serviceable where the 
substance is penetrated by air-cavities, as is the case with the 
Stem of the llush, the thick Leaves of the Water-lily y &c. But 
where the staining process is to be employed (§ 200), the substance 
should be previously bleached by the action of chlorine (preferably 
by Labarraque’s chlorinated soda), and then treated with Alcohol 
for a few hours. 

199. Hardening of Animal Substances . — Save in the case already 
treated-of (§192),m which the tissues are consolidated by Calcareous 
deposit, the preparatory treatment of Animal substances consists 
in hardening them. Tne very soft tissues of which most of the 
lower Animals are composed, contain so large a proportion of Water, 
that the withdrawal or this by immersion in strong spirit causes 
them to shrink so much as completely to obscure their structure. 
Kothing has yet been found so serviceable in preserving them as 
Osmie acid ; the poisonous action of which at once kalis living 
Infusoria, Echinoderm or Annelid larvae, and the like ; and 
hardens their delicate organisms, so as to allow them to be afterwords 
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^taiaed and preserved witH very little change ; and thus mmytmiita 
el ^eir structure can be better made out in thdr ‘mounted^than in 
their living state. The special procedures which have been suc- 
cessfully worked-out by M. Certes for Infmon<t, and by Mr. Percy 
Sladen for HJehinodetm-larvoB, will be described under those heads. 
^The hardening of the general body-substance of the larger 
Iwoertebraia is for the most part sufficiently effected by the action 
of the Alcoholic spirit in which they are usually preserved ; and this 
may be carried farther, if required, by steeping them for a time in 
absolute Alcohol. For hardening particular tissues, however, such 
as Nerves, recourse must be had to some of those lifirdcn iurf agents, 
used in the preparation of the Tissues of the higher Animals, which 
■will be now specified ; — 


a. Alcohol . — For hardening purposes, Rectified spirit should be used in 
preference to methylated ; and its action is (as a rule) most beneficial 
mter some of the other hardening agents have been employed. The sub- 
«tan(5C to be hardened should be first placed for a day or two in a mixture 
of equal parts <jf rectified spirit and water, then transferred for about 48 
hours to rectified spirit, and from this to absolute alcohol.— One injurious 
effect of this treatment is, that by the coagulation of their albuminous 
components many textures are rendered oi)aque : but, as Dr. Beale 
^inted out, tliis may be corrected by the addition of a little caustic 
Soda, which must be made, however, with great caution. — When the 
Alcoholic treatment is \ised merely for so dehydrating sections previously 
immersed in watery solutions, that they may be mounted in Canada balsam 
or Dammar, they may be transferred at once from rectified spirit to oil of 
turpentine, without treating them with absolute alcohol. 

b. Chromic Act'd, which is one of the most generally useful of hardening 
Ugents, is moat conveniently kept in a I per cent, solution, which may be 
diluted with several times its volume of water, with or without the addi- 
'tion of spirit. Although its hardening action may be effected by a strong 
solution in two or three days, it is far better to prolong the process by using 
the menstruum weak, especially when the substance is in mass ; since, if its 
exterior be so hardened as to prevent the penetration of the fluid, its in- 
terior will soften and decay. The following is the mode of procedure 
most generally approved: — The menstruum having been prepared by 
mixing two parts of a l-6th per cent, solution of chromic acid and one 
part of methylated spirit, the material must be cut into small pieces 
about half an inch square, and put into a wide-mouthed stoppered bottle 
holding from 6 to 10 ozs. of tlie fiiiid ; this fluid should be changed at the 
end of 24 hours, and then every third day ; and the material will be 
probably found sufficiently hardened (which must be ascertained by try- 
Ulg whether a tolerably thin hand-section can be made with a razor) in 
the oouroe of from 8 to 12 days. If not, the process must be continued, 
oare being taken that it be not so prolonged as to render the substance 
bri^e. The hardening may afterwards be completed by transferring 
the aubatanoe first into dilute and tlien into stronger spirit ; and this 
wiM ^ rid of the colour given by the chromic acid, as well as of other 
flocoment matter. The spirit miwt be changed as often as it becomes 

and discoloured ; and when it remains bright and clear, the speci- 
mens will be ready for cutting. 

c. Bkkrmixk of Ihiass, in a 2 per cent, watery solution, may be used 
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where very slow and prolonged hardening is required. With the addition 
of 1 |»er cent, of sulphate of soda, it constitutes MUlUrU Fluid, which may 
be conveniently used to harden Iwge pieces that may be left in it for 
several weeks ; no change of the fluid being necessary after the first week, 
—The harden^ substance, after being well washed, is to be treated with 
spirit, as in the preceding case. 

d. Picric or Oarhazotic Acid is used for the same purposes as Chromic 
acid ; its hardening power is not so great, but it does not shrivel the 
tissues as much, its action is more rapid, and it may be advantageously 
used where ‘decalcification’ is necessary 197). As it is but slightly 
soluble in water, a cold-water solution must be saturated ; and the 
quantity of liquid should be large in proportion to that of the substance 
to be acted- on.— Picric acid is used, in combination with Carmine or 
Aniline-blue, as a staining material (§ 202, h). 

c. Kleine,'nherg^ s Fluid . — The following method of preparing delicate 
and i>erishahle tissues is strongly recommended by Kleinenborg ; who 
lias had much experience of it in his investigations on the anatomy of 
the lower Invertebrata ; — To a saturated solution of picric acid in dis- 
tilled water, add 2 per cent, of concentrated suljmurio acid; all the 
picric acid which is precipitated must be removed by filtration. One 
part of tlie filtrate is to be diluted with 3 parts of water ; and, finally, as 
much pure kreosote must be added as will mix. The object to be pre- 
served must remain in this liquid for wl, 4, or more hours ; and is then to 
be transferred for 5 or fi hours into 70 per cent, alcohol, and thence re- 
moved into 90 per cent, alcohol, which should bo changed until it ceases 
to acquire a yellow tint. 

/. Osmic Acid . — This agent is one of peculiar value to the Microscopist 
whose studios lie among the lower fonns of Animal and Vegetable life ; 
its its application immediately kills them, without producing any retrac- 
tion or shrinking of their jiarts, and not only preserves their tissues, but 
brings out differences in those which might otherwise escape observation. 
It IS sold in the solid state in sealed tubes ; and is most conveniently 
kept as a 1 per cent, solution in distilled water. The solution should be 
preserved in well- stoppered bottles secluded from the light ; and should 
>)e used with great caution, as it gives forth a pungent vapour which is 
very irritating to the eyes and nostrils. It is recommended by Dr. Pel- 
letan,* M. Cerbes.t and M. Raphael lilanchard,+ for fixing and preserving 
Animalcules {Infatoria and Rotifera), Dcamidleic, JJiatomacem, Bacteria, 
and VibrioTics, &c. ; by Dr. Vignal§ for Noctiluca ; by Mr. T. Jeff rey Parkeiil 
for Enioniostraca and other small Crustacm ; and it has been successfully 
used also in the preparation of Imect structures. To the Histologist its 
special value lies in its blackening of fatty matters and the medullary 
substance of nerve-fibres. And the Embryologist finds it of peculiar value 
in giving firmne.s8 and distinctness to the delicate textures with which 
he has to deal. Various de^ees of dilution of tlie 1 per cent, solution 
will be needed for these different purposes. Mr. Parker further states 
{loc. cU.) that he has found this agent very serviceable in the preparation 
of delicate Vegetable structures. “The acid seems to be t^en up 

♦ “ Joum. of Roy. Microsc. Soc,,” Vol. i. (1878), p. 189. 
t Ibid., Vol. in (1879), p. 331, and ‘ Comptes Rendus,’ 1879, p. 433. 

: Ibid., Vol. ii. (1879), p. 4C3. 

J Robin’s “ Archives de Phyfliologie,’’ Tom. xiv. (1878), p* 686. 

II “Joum. of Hoy, Microsc. 8cc.,'’ Vol. ii, (1879), p. Sol. 
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by each granule of the protoplasm, and these to be decomposed, giving 
to the granule the characteristic grey colour, thus at the same time both 
hardening and staining.” — A mixture of 9 parts of a l-4th per cent. 
Bi^ution of Chromic add, with one part of a 1 per cent, solution of Osmic 
acid, answers for many purposes better than osmic acid alone, the brit- 
tleness produced by its use being completely avoided. — After 1>eing 
subjected to this agent, the specimens should be treated with 30 per 
cent, alcohol, gradually increased in strength to absolute. 

200. Stainiiig Prucoeses . — Much attention has been given of late 
years to the use of agents, which, either by simply dyeing, or by 
chemically acting on Organic substances, in different nn^es and 
degrees, serve to differentiate the different parts of organs or tissues 
of complex structure, and to render more distinct such delicate 
features in preparations mounted in transparent media, as might 
otherwise escape notice. The agents which merely dye the tissues 
are for the most part Colouring matters of Vegetable or Animal 
origin ; those which act upon them chemically arc Mineral sub- 
stances. The dyes need generally to be ‘ fixed’ by some ‘ mordant 
but the effects of chemical agents are usually permanent. The 
stoming-processes may be used either before or after section-cutting, 
according to circumstances. Where the substance is in mass, and 
is not readily penetrable by the staining fluid (which is especially 
liable to be the case where it has been hardened in chromic acid), it 
is generally better to stain the sections after cutting, if they hold 
sufficiently well together to bear being transferred from one fluid 
to another. And if the substance is to be imbedded in gum, and 
cut with the freezing Microtome, it is generally preferable to stain 
the sections after they have been cut ; as the processes necessary for 
the removal of the gum would be likely ^so to remove the dye. 
But where the substance to be cut has to be penetrated by wax or 
paraffine, it is better that the staining should be effected in the first 
mstanoe. As a general rule, it is better that where the substance 
is to be stained en masse, the staining fluid should be weak and its 
action slow ; because in that mode the stain is more equably dif- 
fused. When, on the other hand, the process is made use of with 
tihin sections, it is convenient that the action should be more rapid, 
and the staining fluid may therefore be stronger ; but unless its 
operation be carefully watched so as to be stopped at the right stage, 
tne whole tissue may be deeply dyed, and the value of the selective 
staining altogether lost. 

201. It will generally be found convenient to carry-on the 
staining of thin sections either in watch-glasses, or in small cups 
of white porcelain ; but care must be taken not to place many sec- 
tions together so as to lie one upon another, as this will prevent 
the staming from being uniform. Small delicate sections mar 
often he advantageously stained ujpon the glass slides upon which 
they ate to he mounted ; a pool of the staming fluid being made 
upon the elide, to be removed, when the staining has proceSied hx 
enough, by the small glass Syringe (§ 127). It is even possible to 
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etaiu a sectioii after it lias been covered with thin glass, by deposit- 
ing the fluid in contact with one edge of the glass cover, and draw- 
ing it through by applying a bit of blotting-paper to the opposite 
margin ; and the process may thus be performed while the section 
is actually under observation on the stage of the Microscope, the 
staining liquid being withdrawn in the same manner when the 
desired effect has been produced, and being replaced by the preserva- 
tive medium. — For takmg-up 

sections without injury to Fia. 137. 

them, and transferring them 
from one vessel to another, 
recourse may be advanta- 
geously had to the ‘ lifter’ of 
I)r. Sylvester Marsh* (Fig. 

137); which is a strip of 
(rennan silver or copper of 
the thickness of stout card- 
board, 7 inches long and 
»5-8ths inch broad, each end 
of which, carefully smoothed 
and rounded, is to be turned 
at the distance of 5-8ths inch 
to an angle of about 35°. One 
end is to be left plain, for Marsh’s Section-Liftor. 

lifting the section with some 

of its fluid, when it is to be deposited on a slide ; while the other 
is perforated for letting the fluid escape, when the section is to be 
floated-off into a vessel filled with some different fluid. 

202. The relative value of different Staining Agents, the best 
modes of applying them, and the benefits derivable from^ their use 
in the study of the minute structure of Man and the higher Ani- 
mals ,t have now been pretty fully determined by Histologists ; and 
considerable progress has also been made in the application of the 
tlifferential staining process to the various parts of the higher 
Vegetable fabrics. J But there is still a wide neld which has been 
as yet but little cultivated, in the application of the staining pro- 
cess to the study of the lower Organisms of both Kngdoms : and 
eveiy one who is engaged in the minute investigation of any pa^ 
ticular group, must work out for himself the modifications which 
the ordinary methods may require. All that can bo here attomptal, 
is to give such directions as to the agents to be employed, and the 
best modes of using them, as are likely to be most generally useful. 

* See his useful little Treatise on Section-Cuttiiij?.” , r* t 

t See the “ Treatises on Practical Histology” by Prof. Eiitherford, Prof. 
Schafer, Dr. Heneage Gibbes, Prof. Ranvier, Prof, Frey, and others; **How to 
Work with the Microscojf^e” by Dr. Beale ; and Davies’s “ Preparation and 
Mounting of Microscopic Objects ’* (2nd Edition, edited by Dr. Matthews). 

X This has been chiefly carried out in the United States by Dp Beatty, 
Wahnsley, and Mr. Merriman, whose processes ore described in the successive 
volamss of the ** Asoerican Journal of Microscopy.** 
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tMMi me of ifbe first I)y«« emplwofi for slaMsg 
ps^epeiem 5 aufi its value was epecially insisted-^ by Br. Beftle, as euabHUff 
Bvi^ j^otoplaam (by Mm d^ignated * germinal matter,’ or * bioplaam ) 
W distmguiabed from any kind of ‘ formed material.’ It has a sp^al 
aflWty for celi-nnclei (protoplasts) and the axial cylinders of white 
fierva-fihres ; and thus, if the substance to be stained 1)6 only left in the 
oamine'fiuid long enough for it to dye these substances, they are 
strikingly differentiated from all others. It is essential that the fluid 
should nave a slight alkaline reaction, especially where the substance 
has been hardened with chromic acid. The presence of too much alkali 
is ininrious ; the want of it, on the other Land, causes the dye to act ou 
the tissues generally, and thus negatives its differentiating effect. Dr. 
Beale directs it to be prepared as follows Ten grains of Carmine in 
small fragments are to be placed in a test-tube, and half a drachm of 
strong Liquor Ammonias added ; by agitation and the heat of a spirit- 
lamp the carmine is soon dissolved, and the liquid, after boiling for a few 
seconds, is to be allowed to cool. After the lapse of an hour, much of 
the excess of ammonia will have escaped; and the solution is then to he 
mixed with 2 oz. of Distilled Water, 2 oz. of pure Glycerine, and | oz. 
of Alcohol. The whole may be passed through a filter, or, after being 
allowed to stand for some time, the perfectly clear supernatant fluid 
may be poured off and kept for use. If, after long keeping, a little of 
tlie Carmine should be deposited through the escape of the Ammonia, 
the addition of a drop or two of Liquor Ammoniaa will re-dissolye it. 
Ifrof. Rutherford recommends that, for slow but more certain staining, 
the liquid should at once be put into a stopj^red bottle, so as not to alloM" 
the ammonia to evaporate, and should be diluted by the addition of from 
two to seven volumes of water. Carmine is used as a general stain in 
‘ dohble staining’ (§ 203) ; and a suitable fluid for this purpose is made 
by mixing 30 grains of carmine with 2 drachms of borax, and 4 fl. oz. of 
water, and pouring off the clear supernatent fluid . — To jix the stain of 
carmine, the section should be immersed for a few minutes in a mixture 
of five drops of glacial Acetic acid and 1 oz. of water. 

h, Picro~0 arminatc of Ammonia, known as Piero- Carmine^ is a very 
excellent staining material, which is applicable to a great variety of pur- 
poses. Being somewhat difficult to prejjare, it is best purchased ready for 
iwe (from Martindale, New Cavendish Street). About ten drops should 
be filtered into a watch-glass, and diluted with distilled water ; the 
sections should remain in the solution for from 20 to 30 minutes ; and 
if at the end of that time they should not be sufficiently stained, a littie 
more pioro-carmiuo should be added. This dye, used alone, produces a 
donble-stainiiig ; nuclei fixing upon the carmine, while other tissues are 
oedonred yellow by the picric acid. If the sections be placed in methy- 
lated spirit, they may be kept without loss of colour, and may be after- 
wards subjected to other proces^ If placed in water, the picric acid 
stain is removed, while the carmine is left. 

c. Hamatwcylin, or Extract of Logwood, is now employed more gene- 
rally than carmine (which it much resembles in action), its violet colour 
being more pleasant to the eye. The following is given by Kleinenberg 
as the beet mode of prepming it ; — Make a saturate solution of crystal- 
lized chloride of calcium in 70 {>er cent, alcohol ; mix one volume of this 
S(dution with from 6 to volumes of a saturated solution of alum in 70 
per cent. Alcohol ; and having half filled a watch-glass with this 
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i&toit u masy dvopa o£ a ^donoentratedaoktba ol Bbsuu 
tpscylm m absolute aloobol as will serve to give the re<^uired inteosity o£ 
ooloar. Tbe object must remain in the dye for a period varying from a 
few minutes to six hours, according to its size and the nature of the 
tissues composing it, and is then to & wished in water. If it should be 
skined throughout, and it be desired that only tissues to be speoiidly 
distinguished should retain their colour, the diffused stain may be 
removed by immersion in rectitied or methylated spirit, or in a l^half per 
cent, solution of alum. — The following is another formula given by 
Dr. Oibbes : — Mix 6 grammes of Extract of Logwood (as obtainable 
from Martindale, New Cavendish Street) with 18 grammes of alum, 
and add 28 cub. centim- of distilled water. Filter, and add to the filtrate 
1 drachm of spirit. Keep in a stoppered bottle a week before using. If 
what remains on the filter be mixed with 14 cub. centim. of distilled 
water, and, after soaking for an hour or two, be filtered, and 4 drachm of 
spirit be then added, a second solution will be made os strong as the first, 
[from 7 to 10 drops of this solution are to be diluted with a watch-glass- 
full of distilled water ; the best degree of dilution being only to be frund 
by trial. All staining fluids of this kind are liable to change by keeping ; 
a portion of the colouring matter passing out of solution, and being 
deposited on the sides and bottom of the vessel containing it. A deposit 
of the same kind is liable to occur on the specimen during the staining, 
especially if the process be prolonged ; and it is better in such cases at 
ouce to ^transfer the specimen to a fresh solution. When sufficiently 
stained, the specimens may be treated with methylated spirit, which 
will/./; the colour; whilst, if the staining has been carried too far, the 
excess of colour may be removed by the Acetic-acid mixture which is 
used to fix carmine. — If the substance to be stained with Logwood 
sbould have been previously hardened with chromic acid, it should 
be previously steeped in a weak solution of bicarbonate of soda, 

(f. Magenta has nearly the same selective staining property as carmine ; 
and is useful in the examination of specimens for which rapid action and 
sharp definition are required. But, like other Aniline dyes, it is liable 
to fade ; and should, therefore, not be employed for T»ermanent prepara- 
tions. Ordinary magenta fluid may be prepared by dissolving U grains 
of magenta crystals m 7 fl. oz. of distilled water, and adding \ n. oz. of 
rectified spirit. The colour of a section stained wuth this may be 
preserved for some time, by immersing it in a l-Srd per cent, watetry 
solution of corrosive sublimate. 

€, £o8in, which dyes the tissues generally of a beautiful garnet-red 
colour, should be used in a strong watery solution ; and the sections 
must be well washed in water after staining. Its chief use is in ‘ double 
staining' (§ 203). 

f. For blue and green staining, the various Aniline dyes are princi- 
padly used. They are, for the most part, however, rather fugitive in 
their effects ; not forming durable combinations with the tissues they 
stain- Some of them are soluble in water, others only in spirit ; a^ 
the selection between the dyes of these two classes will have to be 
guided by the mode in which the preparations ara treated. These dy^ 
are for the most part best fixed by benzole ; and as the sections treaM 
with this fluid may be at once mounted in Canada l>alwm, there is 
greater probability of their colours being preserved. Besidw blue 
green, tne Aniline series furnishes a deep rich brown, known as Bismarck s 
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Btown ; and a hlut-Uaelc^ wHch has been rooommended for stamiag 
tterven^dls. 

y, A good Utie stain (tending to purple) is idso given by the substtmoe 
termed hmUgo-Carmine ; which is |>articnlarly recommended for sections 
of the brain and spinal cord that have been hardened in chromic acid. A 
saturated solution of the powder in distilled water having been prepared, 
this may either be used with the addition of about 4 per cent, of 
oxalic acid ; or, if an alcoholic fluid be preferred, methylated spirit may 
be added to the aqueous solution, the mixture being filtered to remove 
any colouring matter that may have been precipitated. If sections thus 
stamed have an excess of colour, this may be removed by the action of a 
saturated solution of oxalic acid in alcohol. 

h, A beautiful green hue is given by treating with a saturated solution 
of Hcnc acid in water, sections previously stoined with Aniline blue ; 
or the two agents may be used together, 4 or 6 parts of a saturated 
solution of tlte latter being added to a saturated aqueous solution of the 
former. Thi8pic»*o-amimc, it is lielieved, may be relied-on for permanence ; 
and it acts well in double staining with picro-carmine. 

f. Two chemical agents, Nitrate of Silver and Chloride of Gold, are 
much used by Histologists for bringing-out particular tissues ; the 
former being especially valuable for the staining of Epithelium-cells ; 
the latter for staining Nerve-cells, Connective-tissue corpuscles, Tendou- 
cells, and Cartilage-cells. TJie most advantageous use of these can only 
be made by the careful observance of the directions which will be found 
in treatises on Practical Histology. 

k, Molyhdaie of Ammonia is recommended as affording a cool blue-grey 
or neutral-tint general stain, winch affords a pleasant ‘ground’ to 
strongly coloured by bright selective stains. 

203, Double and Triple Siamiug , — Very instnictive as well as 
beautiful effects are produced by the simultaneous or successive 
action of two or three staining fluids ; which will respectively pick 
out (so to speak) the parts of a section for which they have special 
affmities. Thus, if a section through the base of the tongue of a 
cat or dog, be stained with picro-carmine, rosein, and iodine-green, 
the muscle-fibres will take the first, the connective tissue and pro- 
toplasm of cells will be coloured by the second, while the third will 
lay hold of the nuclei in the superficial epithelium, serous glands, 
and non-striated muscle in the vessels ; and, further, the mucous 
glands will show a j)urj>le formed by the combined action of the 
red and green (Gibbes).* A very striking contrast of the like kind 
is shown in the double staining of the frond of a Fern with log- 
wood and aniline blue; the sori taking the latter, and standing out 
brilliant^ on the general surface tinged by the former. — The effects 
produced by using one stain after the other, are generally much 
better than those obtained by simultaneous staining. The selective 
action of a second stain is not prevented by a previous general 
sWning ; for tlie dye which gives the latter seems to be more 

♦ See his Practical Histology, Chap, v., aud his Paper in " Joum, of Eoy. 
Micmsc. Soc.,’* Yol, iii (1«80), p. Bm, 
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weakly held by the parts which take the former, so as to be (as it 
were) displaced by it. Thus, if a section of a Stem be stained 
throughout by a solution of Eosin (2 grains to 1 oz.), and be then 
placed, after washing in strong alcohol, in a half-grain solution of 
Nicholson’s blue made neutral, the blue will in no long time 
entirely drive out the red ; but by carefully watching the process, it 
will be seen that the different tissues will change colour in different 
times, the softer cells giving up their red and taking-in the blue 
more quickly than the harder ; so that, by stopping the process at 
the rif^t point (which must be determined by taking-out a section, 
dipping it in alcohol, and examining it under the microscope), the 
two kinds of cells are beautifully differentiated by their colouring.* 
The best effects arel usually produced by Carmine and Indigo- 
carmine, Logwood and Picro-carmine, Carmine or Logwood and 
Aniline-blue or Aniline-green. But very much has yet to bo 
learned on this subject; and the further investigation oi it will be 
likely to produce results that will amply repay the time and labour 
bestowecl. 

204. Chemical Testing , — It is often requisite, alike in Biological 
and in Mineralogical investigations, to apply Chemical Tests in 
minute quantity to objects under Microscopic examination. 
Various contrivances have been devised for this purpose ; but the 
Author would recommend, from his own exponence, the small 
glass Syringe already described (Fig. 106), with a fine-pointed 
nozzle, as the most convenient instrument. One of its advantages 
is the very precise regulation of the quantity of the test to be 
deposited, which can be obtained by the dexterous use of it; 
whilst another consists in the power of withdrawing any excess. 
Care must bo taken in using it, to avoid the contact of the test- 
liquid with the packing of the piston. — Whatever method is 
employed, great care should be taken to avoid carrying away 
from the shde to which the test-liquid is applied, any loose par- 
ticles which may lie upon it, and which may be thus transferred 
to some other object, to the great perplexity of the Microscopist. 
For testing Inorganic substances, the ordinary Chemical Beagents 
are of course to be employed; hut certain special Tests are 
required in Biological investigation, the following being those 
most frequently required ; 

a. Solution of Iodine in water (1 gr. of iodine, 3 grg. of iodide of 
potassium, 1 oz. of distilled water) turns Starch blue and CeUtdosehrawn ; 
It also jrives an intense brown to Aibaminous substances. 

b. Buute Sulphuric Acid (one of acid to two or three parts of water), 
gives to Celluloae that has been previously dyed with iodine a blue or 
purple hue ; also, when mixed w’ith a solution of sugar, it gives a roa- 
red hue, more or less deep, with Nitrogenous substances and with bile 
(Pettenkofer’s test), 

c. What is known as Schulze^s Test is a solution of Chloride of Zinc, 
lo^e, and Iodide of Potassium, made in the following way ; — ^Zinc if 

* See “ Joum. of Hoy. Microsc. Soc.,” Vol, iii. (1880), p. 694. 
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dlmolved in Hydrochloric acid, and the eoltxtion is permitted to evaporate 
in contact 'mth metallic zinc, until it attains the thickness of a syrup ; 
this syrup is then saturated with iodide of potassium, and iodine is last 
added. This solution serves, like the preceding, to detect the presence of 
OtUuloBe; and has the advantage over sulphuric acid of being, less destruc- 
tive to the tissues. Each will sometimes succeed where the other fails ; 
consequently, in doubtful cases, both should be employed. 

d. Concentrated Nitric Acid gives to Albuminous substances an intense 
yellow. 

€, Acid Nitrate of Mercury (Millon's Test) colours Albuminous sub- 
stances red. 

f> Acetic Acid^ whhsh should be kept both concentrated and diluted 
with from 3 to Sparta of water, is very useful to the Animal Histologist 
from its power of dissolving, or at least of reducing to such a state of 
transparence that they can no longer be distinguished, certain kiuds 
of membranous and fibrous tissues, so that other parts (e8|)ecially nuvki) 
arc brought more strongly into view. 

a. Solution of Caustic Potass or Soda (the latter being generally prefer- 
able) has a remarkable solvent eftect upon many Organic substances, both 
Animal and Vegetable ; and is extremely useful in rendering some struc- 
tures transparent, whilst others are brought into view , — its special action 
being upon horny textures, whose component cells are thus rendered 
more clearly distinguishable. 

A £ther dissolves Resins, Fats, and Oils ; but it will not act on these 
through membranes penetrated with watery fluid. 

i* Alcohol dissolves Rcsius and some V^olatile Oils ; but it does not 
act on ordinary Oils and Fats. It coagulates Albuminous matters, 
and consequently renders more opaque such textures as contain them. 
The opacity, however, may be removed by the addition of a small quan- 
tity of Soda. 

205. Premvaiivo Media. — Wo have now to consider the various 
modes of preserving the preparations that have Vjeen made by the 
several methods pow indicated ; and shall first treat of such as 
applicable to those minute Animal and Vegetable organisms, 
and to those Sections or Dissections of large structures, which are 
suitable for being mounted as transparent objects. A broad dis- 
tinction may be in the first place laid down between resinous and 
aqmotis preservative media; to the former belong only Canada 
Balsam and Dammar ; whilst the latter include all the mixtures of 
which Water is a component. — The choice between the two kinds of 
media will partly depend upon the nature of the processes to which 
the object may nave been previously subjected, and partly upon 
the degree of transparence which may be advantageously imparted 
to it. Sections of substances which have been not only imbedded 
ia, but p^etra^ by paraffine, wax, or cacao-butter, and have been 
stained (if desired) previously to cutting, are, as a rule, most con- 
veniently mounted in Canada balsam or Dammar ; since they can 
be at once transferred to either of these from the menstruum by 
which the imbedding material has been dissolved-out. The dura- 
Hhty of this method.of mounting makes it preferable in all cases to 
whi^ it is snitable ; the exception being where it renders a very 
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tbin section too transparent, whicli is specially liable to happen 
with Dammar. — When it is desired to mount in either of fiiese 
media Sections of structures that have been imbedded in gum or 
gelatine, these substances must first bo completely dissolved-out 
by steeping in water ; the sections must then be ^ dehydrated * by 
subjecting them to mixtures of spirit and water progressively 
increased in strength to absolute alcohol ; and after tliis has been 
effected, they are to be transferred to turpentine, and thence to 
benzole. In this process much of tlie staining is apt to be lost ; so 
that stained sections are often more advantageously mounted in 
some of those aqueous preparations of Glycerine, which approach 
the resinous media in transparence and permanence.— -When 
Canada balsam was first employed for mounting preparations, it 
was employed in its natural semitiuid state, in which it consists of 
a solution x)f resin in volatile oil of turpentine ; and unless a large 
proportion of the latter constituent was driven off by heat in the 
process of mounting (bubbles being thus formed of which it was 
often difficult to get rid), or the mounted slide was afterwards 
subjected to a more moderate heat of long continuance, the balsam 
would remain soft, and the cover habie to displacement. This is 
avoided by the method now generally adopted, of previously getting 
rid of the turpentine by protracted exposure of the balsam to a 
heat not sufficient to boil it, and dissolving the resin thus obtained 
either in benzole or chloroform, the solution being made (with the 
aid of gentle heat) of such viscidity as will allow it to * run’ freely 
when slightly warmed. Either of these solvents evaporates so 
much more (inickly than turpentine, that the balsam left behind 
hardens in a comparatively short time. — The nafunil Balsam, how* 
ever, may be preferably used (with care to avoid the liberation of 
bubbles by overheating) in mounting sections already cemented to 
the slides by hardened balsam (§ ly3) ; and also for mounting the 
chitinous textures of Insects, which it has a peculiar power of 
rendering transparent, and which seem to be penetrated by it 
more thoroughly than they are by the artificially-prepared solu- 
tion (§210). — The solution of Dammar in benzole is very convenient 
to work with, and hardens quickly. 

206. The following are the principal aqueous media whose value 
has been best tested by general and protracted experience : — 

а, Fimh specimens of minute Protophytes can often be very well pre* 
served in IHkiUtd WaUr saturated with Camphor ; the complete exclu- 
sion of air serving both to check their living actions and to prevent dewm» 
posing changes. When the preservation of colour is not a special obj^t, 
about a tenth part of Alcohol may be added, and this will be found a 
suitable medium for the preservation of many delicate Animal textiles. 

б. Aqueom Solution of Carbolic Acid. — Even the very small <juantit^<» 
this agent which cold water will take up, has a powerful preservarive 
effect ; and the solution may be advantageously employed for mooting 
preparations of many delicate structures, both Animal and Vegetable. 

e. The same may be said of Salycylic Acid, which has been very suooest* 



Of late years, Glyr.erine has been largely used as a preservative ; 
either alone, according to the method of Dr. Beale (§ 208), or 
diluted with water, or mixed with gelatinous substances. — It is 
much more favourable to the preservation of colour than most 
other media ; and is therefore specially useful as a constituent of 
duids used for mounting Vegetable objects in their natural aspects. 
It has also the property of increasing the transparence of Animal 
structures, though in a less degree than resinous substances ; and 
may thus be ^vantageously employed as a component of media for 
mounting objects that are rendered too transparent by Balsam or 
Dammar. — I wo cautions should be given in regard to the employ- 
ment of Glycerine ; first, that, as it has a solvent power for Car- 
bonate of Dime, it should not be used for mounting any object 
having a calcareous skeleton ; and second, that in proportion as it 
increa^s the transparence of organic substances, it diminishes the 
reflecting power of their surfaces, and should never be employed, 
therefore, m the mounting of objects to be viewed by refiected light, 
although many objects mounted in the media to be presently 
specific are beautifully shown by ‘ black-ground’ illumination. 

A mixture of one part of Glycerine and two parts of Camphor-water 
may be used for the j)re8ervtttion of many V egetable structures. 

y. For preserving soft and delicate Marine Animals which are shii- 
velled-up, so to speak, by stronger agents, the Author has found a mixture 
d 1 part of Glycerine and 1 of Spirit with 8 or 10 parts of Sea Water, the 
most suitable preservative. 

For preserving minute Vegetable preparations, the following method, 
devised by Ilantzs^, is said to be peculiarly efficient : — A mixture is made 
of 3 parts of pure Alcohol, 2 jiarts of Distilled Water, and 1 part of Gly- 
CMUine i and the object, laid iu a cement-cell, is to be covered with a drop 
of this liquid, and then put aside under a bell-glass. The Alcohol and 
Water soon evaporate, so that the Glycerine alone is left ; and another 
drop of the liquid is then to be added, and a second evaporation per^ 
mitted ; the process bein^ repeated, if necessary, until enough Glycerine 
is loft to hU the cell, which is then to be covered and dosed in the usual 
mode.* 

* See the JBev. W. W. ^icer*s ** Handy-Book to the Collection and Propara- 

tUm of Fieshwater and Marino Algss, Ac.,” pp. 57-59. “ Nothing,” says Mr. 
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h. The OhjcenneJtU^ after the manner of Mr. Lawrence may be 

strongly recommended as suitable for a great variety of object Anunal 
as well as Vegetable, subje<rt to the cautions already given ; — Take any 
quantity of Iselson’s Gelatine, and let it soak for two or three kouii in 
cold water, pour off the superfluous water, and beat the soaked gelatine 
until melted. To each fluid ounce of the Gelatine add one drachm of 
Alcohol, and mix well ; then add a fluid drachm of the white of an egg. 
Mix well while the Gelatine is fluid, but cool. Now boil until the albu- 
men coagulates, and the gelatine is quite clear. IHlter trough fine 
flannel, and to each fluid ounce of the clarified Gelatine add six fluid 
drachma of Price’s pure Glycerine, and mix well. For the six fluid 
drachms of Glycerine, a mixture of two parts of Glycerine to four of Cam* 
]»hor-water may be substituted. The objects intended to be mmmted in 
this medium are beat prepared by being immersed for sometime in a mix- 
ture of one part of Glycerine with one part of diluted Alcohol (I of sdoo- 
hoi to 6 of water).”* A small quantity of Carbolic acid may be added 
to it with advantage. When used, the jelly must be liquefied by gentle 
warmth, and it is useful to warm both the slide and the cover-glass 
previously to mounting. — This takes the place of what was formerly 
known as Deane’s Medium, in which honey was used to prevent the 
hardening of the gelatine. 

i. For objects which would be injured by the small amount of heat 
required to liquefy the last- mentioned medium, the Olycevint and Oum 
Medium of Mr. Farrants will be found very useful. This is made by dis- 
solving 4 parts (by weight) of picked Gum Arabic in 4 parts of cold Dis- 
tilled Water, and then adding 2 parts of Glycerine. The solution must 
be made without the aid of heat, the mixture being occasionally stirred, 
but not shaken, whilst it is proceeding : after it has been completed, the 
liquid should be strained (if not perfectly free from impurity) through 
tine cambric previously well washed out by a current of clean cold water; 
and it should be kept in a bottle closed with a glass stopper or cap (not 
with cork), containing a small piece of Camphor. — The great advantage 
of this Medium is that it can be used cold, and yet soon viscifies without 
cracking ; it is well suited to preserve delicate Animal as well as Vege- 
table tissues, and in most cases increases their transparence. 

It often is quite impossible to predicate beforehand what preser- 
vative medium will answer best for a particular kind of prepara- 
tion ; and it is consequently desirable, where there is no lack of 
material, to mount similar objects in two or three different wavs, 
marking on each slide the method employed, and comparing the 
specimens from time to time, so as to judge the condition of each. 

207. In dealing with the small quantities of fluid media required in 
mounting Microscopic objects, it is essential for the operator to be 
provided with the means of transferring very small quantities from 
the vessels containing them to the slide, as well as of taking up 
from the slide what may be lying superfluous upon it. Where some 
one fluid, such as Diluted Alcohol or the Carbolic acid solution, is 

Spicer, ^ con exceed the beauty of the preparations of DemidiacecB prepared 
after Herr Hautzsch’s method •, the form of the plant and the colouring of me 
endochrome having undergone no change whatever.” 

* A very pur© Glycerine jelly, of which the Author has made coosiderable 
use, is prepared by Mr. Bimmin^on, chemist, Bradford, Yorkshire. 
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in coatinxial use, it will he found very convenient to keep it hi the 
small Dropping-bottle represented in Fig. 1S8. The stopper is per- 
forated, and is elongated below into a fine tube, whilst it expands 
above into a bulbous funnel, the mouth 
Fio. 188 . of which is covered with a piece of thin 

V ulcanized India-rubber tied firmly round 
its lip. If pressure be made on this cover 
with the point of the finger, and the end 
of the tube be immersed in the liquid in 
the bottle, this will rise into it on the re- 
moval of the finger ; if, then, the funnel 
}>o inverted, and the pressure be re-applied, 
some of the residual air will be forced 
out, so that by again immersing the 
end of the tube, and removing the pres- 
sure, more fl aid will enter. This operation 
may be repeated as often as may be neces- 
Proppiug-Bottle. sary, until the bulb is entirely filled ; and 
when it is thus charged with fluid, as much 
or as little as may be needed is then readily expelled from it by 
the pressure of the finger on the cover, the bulb being always 
refilled if care bo taken to immerse the lower end of the tube 
before the pressure is withdrawn. The Author can speak from 
large experience of the value of this little implement ; as he can 
also of the utility of the small Glass Syringe 127) for the same 
purpose, and this not only for fine Aqueous lii^uida, but also for 
u-lycerine jelly, and Canada balsam. For these media having been 
poured, wuen liquefied by warmth, each into its own syringe (its 
piston having l)een previously drawn out), can 1x3 forced out as 
occasion requires, by pressure on the replaced piston, which may 
be graduated with great nicety, when the syringe has been gently 
warmed by lying for a short time on the Water-bath cover (§ 177). 
Farrants’s medium may be conveniently used in the same maimer. 
But the solutions of Canada Balsam and Gum Dammar in volatile 
fluids will not be suflSciently secure from change by evaporation 
through the point of the syringe; and are better kept m wide- 
mouthed eapped jarUy the liquid being taken -out on a pointed glass 
rod, or ‘ stirrer,’ cut to such a length as will enable it to stand in 
the jar when its cap is in place. — Great care should be taken to 
kee^ the inside of the cap and the part of the neck of the jar on 
which it fits, quite dean, so as to prevent the fixation of the neck 
by the adhesion between these two surfaces. Should such adhesion 
take place, the cautious application of the heat of a spirit-lamp 
will UBually make the cap removable. In taking out tne liquid, 
cSire should be token not to drop it prematurely from the rod,— a 
mhKdiaiioe which may be avoided!^ by not taking up more than it will 
properly carry, and by holding it in a horizontal position, after 
drawing it ont of the wttle, until its point is just over the slip 
or cover on which the liquid is to be deposited. 
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208, Mounth^g Thin Sections . — ^The thin sections cut by the 
Microtome, or mentranes obtained by Dissection, do not require 
to be placed in cells when mounted in any viscid medium ; since 
its tenaci'ty will serve to keep off injurious pressure by the cover- 
glass, When the preparation has been previously immersed in 
Aqueous liquids, and is to be mounted in glycerine, glycerine jeUy, 
or Forrants’s medium, the best mode of placing it on the slide is to 
float it in a saucer or shallow capsule of water, to place the slide 
beneath it, and, when the object lies in a suitable position above it, 
to raise the slide cautiously, Wding the object in ]>lace by a needle, 
until it is entirely out of the water. The slide is then to be wiped 
by an absorbent cloth, taking care not to touch the object with it ; 
and the small quantity of liquid still surrounding the object is to 
be carefully drawn ofl: by a bit of blotting-paper, care being taken 
not to touch the object with it (as its fibres are apt to adhere), or 
to leave any loose fibres on the slide. Before the object is covered, 
it should be looked at under a Dissecting or Mounting Microscope, 
for the purpose of improving (if desirable) its disposition on the 
slide, and of removing any foreign particles that may be accidentally 
present. A drop of the medium (liquefied, if necessary, by a gentle 
warmth) is then to be placed upon it, and another drop placed 
on the cover and allowed to spread out. The cover being then 
taken np with a pair of forceps, must be invt^rted ov(ir the object, 
and brought to touch the slide at one part of its margin ; the slide 
being itself inclined in the direction of the place of contact, so that 
the medium accumulates there in a little pool. By gently letting 
down the cover, a little wave of the medium is pressed before it ; 
and, if enough of the medium has been deposited, the whole space 
beneath the cover will be filled, and the object completely saturated. 
If air-bubbles should unfortunately show themselves, the cover 
must be raised at one margin, and a further quantity of the medium 
deposited. If, again, there are no air-bubbles, but the medium 
does not extend itself to the c*dge of the cover, the cover need not 
be raised, but a little may be deposited at its edge, whence it will 
soon be drawn in by capillary attraction, especially if a gentle 
warmth be applied to the slide. It will then be advantfiigeous 
again to examine the preparation under the Dissecting Microscope ; 
for it will often happen that an opportunity may thus be found of 
spreading it better, by the application of gentle pressure to one 
part or another of the covenng-glass, which may be done without 
mjurious effect either with a stiff needle or by a pointed stick, a 
method whose peculiar value, when viscid media are employed, was 
first pointed out by Dr. Beale. — The slide should then be set aside 
for a few days, after which its mounting, may 1)0 completed. Any 
excess of the medium must first be removed. If Glycerine has been 
employed, much of it may be drawn off by blotting-paper (taki^ 
care not to touch the edge of the cover, as it will be very easily di^ 
placed) ; and the remainder may be washed away with a camel-hair 
brush dipped in water^ which maybe thus carried to the edge of the 
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cover. The water having been drawn off, a narrow ring of liquefied 
glycerine-jelly may be made around — not on — the margin of the 
cover (according to the suggestion of Dr. S, Marsh) for the purpose 
of fixing it before the cement is applied ; and when this has set, 
the slide may be placed on the Turn-table (§ 176), and the prepap- 
tion * sealed’ by a ring either of Dammar or of Bell’s cement, which 
should be earned a little over the edge of the cover, and outside the 
margin of the ring of glycerine-jelly This ‘ ringing’ should be re- 
peats two or three times ; and if the preparation is to be viewed 
with * oil-immersion’ lenses, it should be finished off with a coat of 
HolHs’s glue, which is not attacked by cedar-oil. Until the cover has 
been perfectly secured, a slide carrying a glycerine preparation should 
never be placed in an inclined position, as its cover will be almost 
sure to slide by its own weight. — If Glycerine-jelly or Farrants’s 
medium have been employed, less caution need be used, as the cover- 
glass, after a few days' setting, will adhere with sufficient firmness 
to resist displacement. The superfluous medium having been re- 
moved by the cautious use of a knife, the slide and the margin of 
the cover may be completely cleansed by a camel-hair brush dipped 
in warm water; and, when quite dried, the slide, placed on the Turn- 
table, may be sealed with Gold-size, — any other Cement being after- 
wards added, cither for additional security or for ‘ appearance.’ 

209, When, on the other hand, the Section or other preparation 
is to be mounted in a Eesinous medium, it must have been pre- 
viously prepared for this in the modes already described (§§ 190, 
191), which will present it to the mounter either in Turpentine or 
some other essential oil, or in Alcohol. From either of these it 
may be transferred to the slide by the ‘lifter’ (§ 201) ; its tmper- 
forated end being employed, so as to carry with the object a small 
pool of the fluid from which it has been taken. — This will greatly 
facilitate the transfer of the object from the lifter to the slide ; as 
it may be readily floated off with the aid of a slight touch of a 
needle. The fluid thus deposited with it having been drained 
away by blotting-paper, the object may be treated (if desi- 
rable for thoroughly clearing it) with a drop of Clove-oil, which 
should bo deposited, not on the object, but near it, and made to run 
to it by inclining the slide, so as, by running under it, to rise 
through it ^d saturate it thoroughly. After about two minutes, 
the CK)ve-oil is to be drained away, and the Balsam or Dammar 
solution applied by the glass rod ; one drop being placed on the 
object, ana another on the cover, which is then to be turned and 
lowered-down on the object in the manner already described. The 
presence of a few air-bubbles may be here disregarded, as they will 
nltixnately disappear ; but care must be taken that the resinous 
solution not only fills the space between the cover and the slide, 
but extends beyond its entire margin, as much shrinkage will be 
produced by the evaporation of the solvent. If this precaution be 
atfcended-to, and ‘appearance* is not a serious considm-rion, 
notiring more is requisite for the protection of the preparation ; 
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since the margin of rosin left by the evaporation of its solvent 
forms an adequate cement, especially if the cover he secured by 
gummed-paper from being loosened by a 'jar/ But if it be desired 
to replace tliis by a black or coloured cement^, the resin must first 
be scraped away with the edge of an awif carried along (not to- 
wards) the margin of the cover ; and the slide, being then cleaned 
with benzole, and finally wiped with methylated spirit, may finally 
be ‘ ringed’ on the Turn-table. 

210. Mounting Ohjvrts in Canada Ttaham . — Although it is pre- 
ferable for Histological purposes to employ a solution of hardened 
Balsam, yet as there are many objects for mounting for which the use 
of the ‘ natural’ Balsam is j^reforable, it will be well to give some 
directions for its use. — When Sections of hard substances have been 
ground-down on the slides to which they have been cemented (§ 194), 
it is much better that they should be mounted without being de- 
tached, unless they have become clogged with the abraded particles, 
and require to bo cleansed out, — as is sometimes the case with 
sections of the shells, spines, &c., of Echinoderms, when the balsam 
by which they have b(^en cemented is too soft. If‘ the detachment 
of a specimen bo desirable, it may be loosened by heat, and lifted 
off with a camel-hair brush dipped in Oil of Turjicntine. But, 
where time is not an object, it is far better to place the slide to 
steep in Ether or Chloroform in a capi)ed jar, until the object then 
falls off of itself by the solution of its cement. 1 1 may be thoronghly 
cleansed by boiling it in methylated spirit, and afterwards laid upon 
a piece of blotting-paper to dry ; after which it may be mounted in 
fresh balsam on a slide, just as if it had remained attached. The 
slide having been warmed on the water-bath lid, a suEcient quan- 
tity of balsam should be pressed out from the syringe on the object ; 
and care should be taken that this, if previously loosened, should 
be thoroughly penetrated by it. If any air-lmbbles arise, they 
should be broken with the needle-point. The cover having been 
similarly warmed, a drop of balsam should bo placed on it, and 
made to spread over its surface ; and the cover should then be 
turned over and let down on the object in the manner already de- 
scribed. Tf this operation be performed over the water-bath, instead 
of over the spirit-lamp, there will be little risk of the formation of 
air-bubbles. However large the section may be, care should be 
taken that the Balsam is well-spread both over its surface and that 
of its cover ; and by attending to the precaution of making it accu- 
mulate on one side by sloping the slide, and letting down the cover 
so as to drive a wave before it to the opposite side, very large 

* The great Scioritiflc investigators of Germany, who cut an entire Worm 
into thin transverse sections, carefully mounted in their order, would scorn 
to spend time in such a mere ‘ finish,’ which they would consider only worthy 
of Amateurs. 

t The Author has found this implement, mounted in a mall handle, far 
less liable to disturb the cover, than the *old penknife,’ the slipping of whoso 
point in chipping-away hard resin has often occasioned him much mischief. 
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sectjoiw may thoa be motmted without a niuglo air-bubble. {The 
Author ha» thus mounted sections of Eonoim tliree inches square.) 

mounting minute Balsani-objects, such as DiatmtiSi Polycyff^ 
timt 8pmiffii*»picah «t and the l)eantiful minute spines of Ophlmim, 
great ad^srantage will be obtain()<l from following the plan suggested 
by Mr. James Smith, for which his Mounting Instrument IJO) 
is ^)ecial]y adapt'd. The slide being placed u])on its slide-plate, 
ana the object having been laid upon the glass in the desired 
position, tlie covenug-glasB is laid iijxm this, and the ivory knob is 
to be screwed down, so as, hy a very slight pressure (m the cover, to 
he^ it in its place. 'Jdie slide is then to be vt rtj (jvnihj wanned, 
ana the Balsam txj lx; applied at the edge of tin* cover, from which 
it will be drawm-in by capillary attra<*ti()n. jtenelrating the objects, 
and leaving no bubble.^ it too lamdi heat be not apidied. In this 
manner the <»hjectH are kef>t exactl}^ in the places in wliieh they 
were at first laid ; and sruretdy a particle oi snpertluous balsam, If 
due care has been employed, remains on the slide. — When the 
chitinous textures of Insects are to be thuH mouiitcnl, they must be 
first «oft<‘ue(l by Hteojying in (*il of Turpentine; and a large dro]> 
of Balsam being placed on a wanned slide, tiie object, taken up in 
the forceps, is to oe Ldunge<l in it, and the cover (ImlHainod as Ixjfore) 
let down upton it. It is Avitli objects of lliis class, that the Spring- 
{Fig. 128) an<l the ( Fig. 12b) ]>rove most useful 

in Holding down the cover until the balsam bas liardened sutficieiitly 
to prevent its .being lifted by the ehistioitv of the object. — Various 
objects (such as the )>alatoH of GasterojuMls), which have been pre- 
pared by diHsection in water or weak spirit, may be advantageously 
luountecl in Balsam ; for which purpose they must be first dehy- 
dratoil, and then transferred from rectitit‘d Sjdrit into 1 'ui 7 )eutme. 
Carhidic Acid liquefied by heat has been lately recoin mended by 
Br, lialph* as most otliciciit in drawing out water from Hiyeeiraens 
to be mounted in Balsam or Dammar, which afterwards readily 
take iU phme. — Sections of ibwus, Hoofs, kc., which afford most 
beautiful objects for the Bolarisooj)e, are best moiinffnl in natural 
Balsam, which has a remarkable power of increasing their trans- 
pai;ence.— It is betUu to set aside in a wvunu place the slides 
which have boi'u thus mounted, before attempting to clean off' the 
Bupurfluoiis Balsam; in outer that the covers may be fixed by the 
gradual hardening of wliat lies beneath them. 

211. Mitunfiii(ii ni Aijnenui^ Lujunh , — Bv far the greater 

number of preparations which are to he preserved in liquid, how- 
ever, should be mounted in a Cell of some kind, which forms a 
wt^U ot suitable depth, wherein the pre.servativo liquid may be 
retained. This is ahmhdchj necesmrtj in the coKt* of all objects 
whose thickness is such as prevent the glass-rover from coming 
into close approxunation with the slide ; and it is dc^dmhle when- 
ever that approxiniatiou is not such as to cause the cover to be 

* Bee the aeeonnt; of Dr. Bftlph’a luelhod in “ Joaru. of llov. liCIcroec. Boc.." 
Voh iU, (l«80), p. m J » 
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dmwB to the glass-slide by capillary attraction, or whenever the 
cover is miHibhj kept apart from the slide by the thickness of any 
jx>rtioii of the object, lienw it is only in the case of objects of 
the most extreme tenuity, that the Cell can be advantageously dia- 
l>ensed with ; the danger of not eni 2 )lo>'ing it, in many cases in 
which there is no difficulty in moimtiug the object without it, being 
that after a time the cement is apt to run-in beneath the cover, 
which process is pretty sure to continue when it may have once 
commenced. When ( emont-cells (§ 170) are emjdoyed for tlds 
])urpose, care must betaken that the surface of the riug is perfectly 
flat, so that when the cover-glass is laid-on, no tilting is produced 
by pressure »)n any part of its margin. As a g<’neral rule it is 
desirable thht the object to l>e mounted should be steeped for a 
little time ]>revious'ly iii the ])resorvative Iluid employed.^ A 
sufficient (piantity of tins fluid Isung deposited from tlie Syringe 
nr Dropping-bottle to over-flll the cell, the object is to be intro- 
duced into it eitluT with the Forcejis or the Dipjniig-tubo (§ 126) ; 
and the slide should tlien b(‘ examined on the Disstjfding Microscope, 
that its entire frtu'dom from foreign particles and from air-lmbbles 
may be assurcMl, and that its diKjxisitiun may be corrected if neces- 
sary. Tlie cover shoiihl then )>e laitl on vc'ry cautiously, so as not 
to displace the objci^t; which in this case is best done by keeping 
the dro]) highest in the centre, and keeping the cover parallel to 
the slide wliilst it is Ixting lowered, so as t^) expel the sujierfluouH 
ilmd oil roinuL This being taken up by the syringe, the cement 
ring and the margin of the cover are to be dined with blotting- 

E , es])eciul care being taken to avoid drawing-off too much 
, which will cause the gold-size to run-in. It is generally best 
to apply the first coat of (hdd-size thin, wuth a very small and 
flexioie bnisli work(*d with tlio hand ; this will dry sufficiently in 
an hour or two, to hold the cover whilst being ‘ ringc?d’ on the 
Tuni-table. And it is safer to apply a third coat a day or two 
afterwards ; old (iold-sizc, which lies thickly, being then aj)plie<l so 
as to raise the ring to the level of the surface of the coyer. As 
exiwrience shows that preparations thus inonntcd, which have 
remained in i)erfcctly good order for many years, may be after- 
wards spoile<i by leakage, the Author strcrngly recommends that 
to prevent the loss of valuable siH^cimens, an additional coating of 
gold-size l>c laid-on from time to time. 

212. of Ohjf'clft in 7)ecp Cells. — The objects which 

require deep cells are, as a rule, such as are to be vieweJ by reflected 
light; and are usually of sufficient size and substance to allow of 
air being entangled in their tissues. This is especially liable to 
occur where they have .undergone the process of decalcification 
(§197); which will very pirobably leave behind it bubbles of Car- 
bonic acid. For the extraction of such bubbles, the use of an Air- 
pump is commonly recommended; but the Author has seldom 
found this answer the purpose satisfactorily, and is much disposed 
to place confidence in a method lately recommended— steeping the 

c 2 
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upecimen in a gtopperod Jar filled with frcMy h/iM miicr, which 
ha« great power of draining into itself either Air or Carbonic acid. 
Where the structure in one which is not injured by Alcohol, pro- 
longed steeping in this will ofUm have the same etfect. — The next 
point of importance is to select a cover of a size exactly suitable to 
that of the ring, of whose breadth it should cover alx^iit two-thirds, 
leaving an a<.iequate margin um^overed for the attachmeut of the 
cement. And the is-ifect Hutness of that ring should then be 
coreftilly testt'd, since on this mainly de]Kmds the Hcenrity of the 
mounting. It is to secure this, that the Author f)refer8 rings of 
tin (§ 171) to th(»se of ghiss, for cells of inoilerate <le])th ; for their 
surface can be easily made }>erfectly Hat by grinding with water, 
first on a piece of grit, ami then on a Water-of-Ayr htone — 
stones having been previously reduced tc) a plane surface (§ IIV,]). 
If glass rings are not iinmd to be ‘ true,’ they must }>e ground- 
down with tme tmiery on a plate of lead. AV'hen the cell Inis been 
thusfinished-oif, it must In* carefully eleaned-out hy syringing into 
it some of the mount ing-llu id ; and should }>e then examined under 
the Dissecting Mirroscoj>e tor minute air-bubbles, which often cling 
to the lx>ttoni or sides. These having U'cn got ri<l of by the needle, 
the cell should In; tiually filled with the preservative liquid, and 
the object immerHe<l in it, < are being taken that no air-bubbles are 
carried-down iKmeiith it. d’lu: cell being coiriplet»*ly filled so that 
the liquid is ninning over its side, the cover may then be lowered 
dO'wn ut)on it as in the preceding case; or. if the cell l.>o quadran- 
gular, the cover may be sloped so as to rest one margin on its wall, 
and fresh liijmd may bt‘ tliixAvn in by the Syringe, while the other 
edge itJ lowen*d. \Vhen the cover is in place, and the liquid e.x- 
pelhxi from it has Imm'u taken up by tin* syringe, it sbould again be 
examined under a hum for air-bubbles ; and if any of these tronblc- 
8ome intruders should present themselves beneatli the cover, the 
slide should bo inelimH’ so ns to cause them fx) rise towards the 
highest part of its circumference, and the cover slipped away from 
that part, so an to admit of the introduotion of a little additional 
fluid by tlie pi|H‘tte or syringe ; and when tliis has taken the place 
of the air-bubt)h's. the cover may be slijiped buck into its place. 
The surface of tiu’ ring and the edge of the cover must then be 
thoroughly dried with blotting-pa|X'r. care being taken that the 
fluid Iw not drawn away from l>etween tlie cover and the edge of 
the cell on which it re.stx. These minutiae having iKien attend^ to, 
the olusuro of tlie cell may be at once efltM‘U‘d fiy carrying a thin 
layer of Grold-size or Dammar aronnd and upim the edge of the glass- 
coTOr, taking care that it touches every point of it, and fills the 
angular channel which is left along its margin. TTie Author has 
found it advantageous, however, to delay closing the cell for some 
lit^e time after the sujierfluous fluid has been drawn off ; for as 
soon as evaporation from beneath the edge of the cover begins to 
diminish the quantity of fluid in the cell, air-bubbles often begin 
to make their appearance, which were previously hidden in the 
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recesses of the object ; and ia the course of half au hour, a con- 
siderable number are often collected. The cover should then tie 
slipped aside, fresh iliiid introduced, the air-bubbles removcHl, and 
the cover put on ; and this operation should be repeated 

until it fails to draw forth any more air-bubblos. It will of course 
be observed, that if the evaporation of Bind should })roceed far, air- 
bubbles will ejiior boiioath the cover ; but these will show them- 
selves on the of the fluid ; whereas those which arise from 

the object itself are found in the deeper parts of the cell. \Yhon 
all these liave been succesHfully dispostid of, the cell may bo 
‘ sealed’ and ‘ rinp^ed’ in the manner already descrilu'd. 

21d. IniiinrfdiLCf' of The success of the restilt of 

any of the torc'^oini^ ojx'rations is pjreaily detracted- from, if, in 
<*oiise 4 uence of nic adlicaion of foreign siibsUiuces to the glasses 
whereon the (tbjocts are mounted, or to tlio imjdomeuts used in 
the manipulations, any extraneous juirticlcs are brought into view 
with the object itself. Some such udll occasionally present them- 
Hclves, even under careful management; es])ccially fibres of silk, 
wool, cotton, or linen, from the haudkercliiefs, d'c., with which tho 
glass-slides may havi; been wiped ; fibres of th(‘ l)lotting-])aper em- 
ployed to absorb superfluous fluid; and grains of starch, which 
often remain obstinately iulhereiit to the tliin glass-covers kept 
in it. But a careless and uncleanly manipulator will allow his 
objects to contract many other impurities than these ; and 
especially to be contaminated by particle.s of dust lloatiug through 
the air, the access of wliicli may be readily prevented by j>roper 
precautions. It is desirable to have at hand a W(;ll-closod cupboard 
furnished with slielvos, or a cabinet of well-litted draw(m<, or a 
number of bsdl-glasses upon a flat table, for tho purpose of 
securing glasses, o])j(^cts, &c., from this cr)ntamiuation in the 
intervals of the wr»rk of preparation ; and the more readily 
acccs.sibb* these receptacles are, tlie more use will the Microscopist 
be likely to make of them. Great care, ought, of course, to be 
tiikon that the Media employed for mounting should bo freed by 
eii'octual filtration from all floating particles, and that they should 
be kept in well-closed bottles. 

*.^14. LnhHllwf nad PreHorvlufj of Ohjeris. — Wlienevor tho 
mounting of an object has been com])feted, its name ought to be 
at oiu'o markcil on it, and tho slide should be put away in its 
appropriate place. Some inscribe tlie name on the gla 9 .s itself 
with a writing diamond ; whilst others prefer to gum a label* on 
the slide; and others, again, cover one or both surfaces of the 
slide with coloured paper, and attach the laVad to it. In the case 
of objects mountcu dry or in balsam, the latter method has 
tho advantage of rendering the glass- cover more secure from 

• VciT nent gummed labels, of tho various sixes and patfeius suitable to tUo 
wants of the Microscopist, way bt) obtained from tho “Drapu's’ Stationers’* ia 
lhf 3 City ; and wvering Blips of various patterns are supphed by many of the 
dealers in Jticroscopic Apparatus. 
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diti^lftcement hy a slight blow or ‘jar/ when the varnish or balsani 
may have become brittle by the lapse of years. Instead, how- 
ever, of attaching the white label on which tixe jiarae of the object 
is written, to the outside of the coloured paper with which the slide 
is covered, it is better to attach the label to the glass, and to punch 
a hole out of the coloured paj>er, sufficiontly large enough to show 
the name, in the part corresponding to it : in this manner the 
label k prevented from falling-oiT, which it frequently does when 
attaoheu to the glass without protection, or to the outside of the 
paper cover. When objects are mounted iu iliiid, cither with or 
without cells, paj>er coverings to the slides had better be dispensed 
with; and Ixesidt's the name of the object, it is desirable to inscribe 
on the lal>el that of the iluid in which it is uumnted.— For the 
preservation of objects, the pasteboard boxes now rna<h^ at a very 
reasonable cost, with Wisiden racks, to contain (>, 1*2, or 21 slides, 
will be found ext none) y useful. In these, however, the slides 
must always stand iqHUi their edges; a ]>ositiou which, besides 
interfering with tliat ready view of them whicli is rcrpiircd for 
thti immediate selection of any ]>articular Rpt*cim(*n, is unfavour- 
able to the continued soundness of preparations jnounte<l in Iluid. 
Although such boxes are mostUHofnl, indeed almost indisjiensable, 
to the Mieroscopist, for holding slides which he desires (for what- 
ever purpose) to keep for awhile constantly at hand, yet his 
regttlarly-clasMihod series is ranch more conveniently stored either 
in a Cabinet (mnteiuing numerous very shallow drawers, in which 
they lie flat and exposed to view, or (wiiich the Autlior finds much 
preferable) iu a serit*H of smaller cases, each holding a dozen 
tray», every one of which is divided into twelve compartiiumts for as 
many »Udes. These have the ailvautago, not only of cheapness 
(their outside cuse htuiig made of polished pine, while the trays are 
made of thin pastehoanl glued to a wooden framing), but also of 
facilitating the classitica+itm of Objects iu groups, aial of enabling 
any jxarticular series to bo transpmted without risk of injury, every 
Htiuc being lodged iu its own receptacle. Further, when provision 
hati to be made for slides rtYpiiring greater depth than usual (such, 
for instance, as extra-thick wockIcu slides, t»r ghiKses l)earing deej) 
cells), trays can be made either of double the usual depth, or in 
the proportion of d to 2 (two such tray. s ei pi ailing Ihrei" ordinary 
ones in thickness), so as still, by keeping the cmibo tilled, to prevent 
ahake to ite contents when it is carried. Smaller Slide-eases of tho 
Rjune kind, containing from two to six tmys, each of which holds 
»k slides, are made for the pocket. 

Section 3. Cidlectlott of f/hjer(>i, 

215, A largo proportion of the objects with which the Micro- 
soopist i« concerned, are derived from the minute parts of those 
lar^ organisms, whether Vegetable or Animal, the collection of 
winch does not require any other methods tlian those pursued by 
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the ordinary Naturalist. With regard to such, therefore, no 
special directions are required. But there are sovCral most interest* 
ing and important groups both of Plants and Animals, which 
are themselves, on account of their minutoness, essentially micro* 
Kcopic ; and the collection of those requires peculiar methotls and 
implements, which are, however, very simple, — the cliief element of 
success lying in the knowledge to look and what to look for. 
In the present place, ijrurml directions only will bo given; the par- 
ticular details relating to the several groups, being reserved for the 
iiccount to be hereafter given of each. 

216. Of the Alicrosco])ic organisms in question, those which 
inhabit fresh water must be sought for in ])ools, ditches, or 
streams, through which some of them freely mov<5 ; wliilst others 
attach themselves to the stems and leaves of mpiatie Plants, or 
even to pieces of stiek or decaying leaves, d'C., that may be floating 
on the suri'ace or Hubmerg<Hl beneath it ; while others, again, are tt) 
be sought for in the muddy sedimeutH at the bottom. Of those 
which nave the jtower of free motion, some ko(ip near the surface, 
whilst others swim in the deeper wattu'.s ; but tlio situation of 
many dej)onds ('utirely ui^on the light, since th(*y lise to the surface 
in simsliine, and subsiile again afLwwards. The Oolloctor will, 
therefore, re(iiiir(‘ a means of oI)taming samples of water at different 
depths, and of drawing to himself portions of the larger Ixslies to 
which thc3 niicroHcopic organisms may be attached. For thcHO 
purposes notliing is so convenient as the Pond-Sl ich (sold bjr Mr. 
Baker), which is made in two lengths, one of thorn sliding within the 
other, so as when elosetl to se*rve as a walking-stick. Into the 
extremity of this may be fittcid, by means of a screw' socket, (1) a 
cutting-hook or ciirv'ed knife, for bringing m> jM)ii.ions of larger 
Plants in order to o}>tain the minute form.s of v egetable or Animal 
life that may be parasitic upon them ; (2) a brood collar, with a 
screw in its interior, into which is lifted one of the screw-topped 
Bottles made by the York Cxlas.s (jonq>any ; (b) a ring or hoop for 
a muslin liing-Net. When the Bottle is used for collecting at 
the surface, it should be moved sideways with its mouth partly 
below the water ; but if it be dcsir(;<l to Ijriug up a sample of the 
liquid from below, nr to draw into the bottle any bodies that may 
be loosely attached to the submerged plants, the bottle is to bo 
plnnge<l into the water with its mouth downwards, carried into tho 
situation in which it is desired that it should bo filled, and then 
suddenly turned vsith its mouth upwards. By unscrewing the 
bottle from the collar, and screwing on its cover, the contentH may 
1x5 securely preserved. The Net should be a bag of fine muslin, 
which may be simply sewn to a ring of stout wire. But it is desi- 
rable for many purposes that the muslin should be made removable ; 
and this may be provided-for (as suggested in the “ Micrographio 
Dictionary,’^ Introduction, p. xxiv.) by the substitution of a wooden’ 
hoop grooved on its outside, for the wire ring ; tho muslin being 
strain^ upon it by a ring of vulcanized India-rubber, which ihtf 
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itt the groove, aud wHick may be readily slipped off and oa, so as 
to allow a fresh piece of muslin to be put in the place of that which 
has been last used. The collector should also be furnished with a 
number of Bottles, into which ho may transfer tljc samples thus 
obtained, and none are so convenient as the screw-topp^ bottles 
made in all sizes by tlie York Glass Company. It is well that the 
bottles should be ntt<;d into cases, to avoid the risk of breakage. 
When Animalcules are being collected, the botttles should not be 
above two-thirds filled, so that adequa.te air-space may be left. — 
Whilst engaged in tlie search for Microscopic objects, it is desirable 
for the Gollector to possess a means of at once recognizing the 
forms wliich he may gather, whore tliis is possible, in order that he 
may decide whether the * gatlu^ring’ is or is not worth preserving ; 
for this jMiipOMc either a ])()wt?rfnl * Coddington’ or ‘ SUinhope’ lens 
(§ 24), a Beale’s J\)cket Microscope 7b}, or the Travelling Micro- 
scope of JMessrs. Baker or other optician. s (§ 7^). will bo found most 
useful, according to the class ot ul)j(‘cts of wliich the Collector is 
in search. I’lie former will an.swer very well for Zoophytes and 
the larger Diatomaceie ; but the latter will be needed for Desmi- 
diacom, the smaller Diaiomuei^ie, and Animalcules. 

217. The same general method is to be followed in Die collection 
of such marine forms of Vegetable ami Animal life as inhabit the 
neighbourhood of the shore, and can be r(‘ached by the Pond-stick. 
But there arc many which need to be brought up from the bottom 
by means of Die Lhxd<je ; and many otliers which swim freely 
tnrough the waters of the Ocean, and are only to be capturcs.1 by the 
To'W-nei. As the formc-r is part of the ordimiry equij>mcnt ol every 
Marino Naturalist, whether he concern himselt with the Microscope 
or not, the iikmIo of using it need not be here d(^, scribed ; but the 
use 01 the latter for the purposes of the Mieroseopist re(|uireH 
speciiD management. The net should Is} of fine muslin, firmly .sewn 
to a ring of strong wire about PJ or 12 inches in dhuneter. This 
may be either fasL^iunl by a j>uir of strings to the stem of a boat, 
so as to tow hehlttd it, or it may be fixt‘d to a stiek so held in the 
hand os to project from the «d/cof the boat. In eiDier case the net 
should bo taken in from time to time, mid lield up to allow the 
water it contains to drain through it; and should then be turneni 
mside-out and moved about in a bm’ket ot water carried in the 
boat, so that any minute organisms adhering to it may be washetl 
off before it is again imnierswl. It is by Dus simple method that 
Murine Animih'uhn, the living forms of liadiohtria, the smaller 
Medmmd» (with their allies. Berm: and CVd/ppe), Nocfilveciy the 
Iroe-swimming larvm of Echiuodvnmitn, some of the most curious 
of the the larvm of MoUutfea, Tnrhi llana^ and Anmdidn^ 

mme curious adult fomis of these classes, EnUmiostraca, and the 
larvm of higher Ontstacea^ arc obtaintn.! by the Naturalist; and 
the great morease in our knowletlge of these forms which has been 
gained within recent years, is mainly due to the assiduous use 
which has been made of it by qualifiea observers,— It is important 
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to bear in miud, that, for the collection of all the more delicate of 
the organisms just named (such, for instance, as Eehinodcrm Uirvie), 
it is essential that the boat should be rowed so slowly that the net 
may move gently through the water, so as to avoid crushing its soft 
contents against its sides. Those of firmer structure (such as the 
Eritoiim-iiram), on the other hand, nniy be obtained by the use of a 
Tow-net attached to the stern of a sailiug-veHsel, or even of a 
steamer, in much more rapid motion.* When this method is em- 
ployed, it will l>o found advantageous to mak(? the net of conical 
form, and tt> attach to its dt^epcst jiart a wide-mouthed bottle, 
which may be prevented from sinking too deeply by suspending it 
from a cork float : into this bottle many of the minute Animals 
caught by the net will bo carried by the current produced by the 
motion of the vessel through the water, and they will bo thus 
removed from liability to injury. It will also be us(;ful to attach to 
the ring an inner net, the cone of which, more obtuse than that of 
the outer, is cut off at some little distance from the a]»ox; tliis 
serves as a kiml of valv<*. to j)rc vent objects once caught from being 
washed out again, d’he net is to bo drawn-in from time to time, 
and the bottle to be thrust-up through the hole in the inner cone; 
and its contents being transferred to a screw-capped bottle for 
examination, the not may be again immersed. ^J'his form of net, 
however, is less suitable for the most delicate objects, than the siraplo 
Sfirk-Hi'f used iu the manner just described.-- I'ho Microscopist on 
a visit to the sea-side, who prefers a quiet rr>w iu tranquil waters 
the trouble (and occasional awda/sc) of dredging, will find in tho 
collection of floating Animals by tin* careful use of the Btick-nct 
or Tow-net a uever-eutliug source of interesting occupation. 

* In the * Cllialh-iiprer’ Tow-iu'ts were almost constnutly kept in 

use, not only «t tho surffu^o, but at varums dopths bojxiath it; IxMUg attaelxsl 
to a lino whioh m’hs made to liang vertically in tlio waiter by the atUiehmeut of 
hojivy weights at its extaoniity. The collecti»»ns llms made showed tlio 
enormous amount of iniuiito Animal life pervading tho uppor waters of tho 
Oeeuu. 
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MiCUOS^COPIC rOBMR OP VKGTCTAI5LP LIFE. — SIMPLER ALGX. 

218. Those who doHire to inako thfinselve.s himilirir with Micrr*- 

seopio appoaraiicoH, aii<i to aequirr dextinity ia MicroKfopic 
manipulation, cannot <lo better than educate thcniMelvcs ff)r more 
difl&onlt inquiries by the Htudy of thoHc humblcHt types of Vegeta- 
tion# which presiuit Organic vStmeture under its most elementary’ 
aspect. And nneh as desire to Kcareh ^mt the natiiri! and condi- 
tions of Living Action, will find in the study of its simplest muni- 
festatiouH the best (;]ue to the {uo'ilysis of those intricate and 
diversified coinbinations. under wdiicli it proseutR itself in the highest 
Animal Organisms, ibir it has n<»w been put beyond i[uestion, 
that the fundamental plumoinena of Life are identical in idants 
and in Animals ; and that tlie living .substance which exhibits them 
in of a nature essentially the same tliroughont ]>oth Kingdoms. 
The deb3nninati<>n of this general fact, wlucli forms the basis of 
the Science of lb ( > 1 . 00 v, is the important result of modern 

Micr 08 co]nc inquiry ; and the illustrutiou of it will b<.‘ kept con- 
etantly in view, in the exixmition now to }>e given of the chief 
applications of tlu* Mieroscojve to the stiuly of those, minute Proti - 

(or simjdest forms of Plant-life), Avith whose fonn and struc- 
ture, and Avith who.se very existence in many cases, wc can only 
acquaint ourselves by its aid. 

219. it was bmnerly supposed that ttriion could only be 

exhibited by utrnrfnn'. But we noAv know that all the 

functions of Lite may be earrhd on by minute ‘jelly-specks,’ in 
whose apiJareatly-homogeneouH semi-thud substauco nothing like 

* organisation’ can bo iletAwted; ami furtliev, that even in the very 
highest organisms, which pre.•^ent ns Avitli the greatest vaidety of 

* dmerentiaLsP structures, the essential paid of the liife-Avoik: is 
done by the Haine material, --these structures merely furnishing the 
mechanism (so to speak) through which its wonderful properties 
exert themselves. Hence this substance, known in Vegetable 

• Attention was lirami in by Dujaniiu (tbo Fnxich Z<K»logist to whom 
wo owe the transfer of from the hi^rlu'st to the lowest place 

among Inverttilvrato Animals), to tho fact that tim Lxiies of sonu) of the lowest 
membra of the Aidmid kihjjdom consist of a stnicturelesvs, w^mi-fluid, con- 
tractile substance, to which he pav'o the name sarctHle (rudimentary 
In 1B61, tlio oininent Botanist \ on Mohl showed that a similar substance 
f(Wm«f tha oswjtitial constituent of the cells of Plants, and termed it jfrotoplamn 
(indmitive plastic or organiwiblo material). And in it Mas pointesdont by 
ivo!. Max Schulti©, who had made a jqvecial study of the Idiixojnxl group# that 
tho *8arttode‘ of Animals and the * protoplasm’ of Plants aro ideniioaL — Soo 
Ida Motxudr ** Uober das Protoplasma der Khizojxidea uud P£lanaeuj&oUoiL^' 
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Physiolo^ as protoplasm^ but often referred to by Zoologists as 
sarco^, has been appropriately designated by Prof. Huxley “ the 
Physical Basis of Life.” In its typical state (such os it presents 
among RhixopoilSf § 396) it is a somntiuid, tenacious, glairy substance, 
resembling — alike in aspect and in composition— the albiumu (or 
imooagulated ‘ white’) or an unboiled egg. But it is fundamentally 
distinguished from that or any other form of dead matter, by two 
attributes, which- ^as being peculiar to living substances) are desig* 
nated vital: — 1, its power of increase, by niilaiing (that is, con- 
verting into the likeness of itself, and endowing with its own pro- 
perties) nutrient material obtained from without ; 2, its power of 
spontaneous niovi^ubnnt, which shows itself in an extraordinary 
vanety of actions, sometimes slow and 2">rogros3ive, sometimes 
rapid, sometimes wave-liko and contiiurous, and sometimes rhyth- 
mical with regular intervals of rest. When examined under a suf- 
ficiently high luagiiifyiug power, multitudes of mmute granules are 
usually seen to be <linus(‘d through it; but these do not api>ear to 
belong to it, their ])Veseuc,e being (so to speak) accidental, depend- 
ing upon the nature of the material wliich is undergoing assimila- 
tion. — rrotoplasiii , whether living or dead, has a great power of 
absorbiug water; but the distinction between these two states is 
singularly nuirk(‘'I l^y its behaviour in regard to any colouring 
matter which the water may contain. 3’huH, if living j^rotoplasm 
bo treated wutli a solution of carmine, it will remain unstained so 
long as it retains its vitality. But if the protoplasm bo dead, the 
canniiio will at once^ pervade its whole substance, and stain it 
throughout with a colour t*veu more intense than that of the solu- 
tion; thus furnishing (as was hrst poinbul out by Dr. Ihiale) a 
really means of di.stiiignisliing the * germinal matter’ or prob)- 
plasmic coin])oneiit of the Tissues of higher Animals, from the 
‘formed inateriar which is the most conspicuoiis part of their 
structure (Chap. x\.), 

220. All thoHo minute anO simjile forms of Life with which the 
Microscope brings us into acquaintance, essentially consist of 
particles of protoplasm ; each kind having usually a tolerably 
deftnite size and slmpe, and showing (at least in some stage of its 
existence) something distinctive in its habit of life. And it is 
rather according t(j the manner in which they respectively live, 
grow, and multiply, than on account of any structural peculiarities, 
that th<^y are assigned to the Vegetable or to the Animal kitigdom 
respectively. It is impossible, in the present state of our know- 
ledge, to lay down finy definite line of demarcation between the two 
Kingdoms ; since there is no single character by which the Animal 
ox Vegetable nature of any organism can be tested. Probably the 
one which is most generally applicable among those tliat most 
closely approximate to one another, is not, os formerly stxj>ix>sed, 
the presence or absence of spontaneous motion ; but, on the one 
hand, the dependence of the organism for nutriment upon orgoAiio 
compounds (ureadg formed^ which it takes (in some way or other) 
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into the interior of its body; or, on the other, its possession of 
the power of prodimii/f ifto organic e^joipomul-s which it appHes 
to the increase of its fabric, at the expense of the Imrgamc 
<ilmneut» with which it is 8up])litsi by Air and Water. The former, 
thongh perhaps not an ohsolate U a (pwo’nl characteristic of the 
Anivuil kinguoni ; the latto, but for the existence of which 
Animal life wouM be impossible, is certainly tlie pnmiimnt attribute 
of the VegHahU. We shall find that the Pi'idozoa (or simplest 
Animals, ('hajm. xi.) are HUp{>orte<l as e.'ccliisively either uiion 
other Prot^^xoa or upon l^rotophytes.as arc the hit^hest Animals upon 
the flesh of other Animals or upon the product^ of tlie Vegetable 
kingdom; whilst I 'rotophgfcn, in eommoii with the highest Plants, 
draw their nourishment from the atmosjihere or the winter in which 
tliey live ; and, likt‘ them, are distinguished by their power of decom- 
nomng Carbonic acid ((,'()•) under tin* intluence of Light. — setting 
free xts Cxygen, ainl combining its (hirbori with the elements of 
Water to form th<‘ Chirlio-hydnigeu compounds pStarch, (Cellulose, 
&C.), and with tliosc of atmospheric Ammonia to torm Nitrogenous 
(albuminoid) comismnds. And we shall find, moreover, that even 
such Protozon as have neither sUimach nor mouth, receive theii’ 
alimentary inatbn direct into th(‘ very subsiaut'e of their bodies, in 
which it undergoes a kind of digestion; whilst ProiophyUf absorb 
through their exttnual surface (»nly, and Ui.ke-in no solid particles of 
any descrirdion. With regard to mofiou^ which was formerly consi- 
dcnnl the iiistiindi ve attribuU* of Animality, wa* now know not merely 
that many Protephytes (perhaps all, at sonic jn'viod or other of 
their lives.) possess a power of spontaneous mo\oun'nt, but also that 
the instruments of motum (when these cuu In* discovered) are of 
the very same character in the l*lant as in the Animal ; being little 
hair-like filaments, termed (from the laitin ciliiuH, an eye- 
lash), or longer wliijt-like tlorjipo, liy whose rhythmical vibrations 
the Ixaly of which ifiev furm part is j)ro]^(dh‘d in definite directions. 
The piK'uliar contractility of these organs seems to be an intensi- 
floatioii of that of the general protophi'^mic s^b^lance, of which they 
are ejxscinl esttniHions. 

221. There are certain Plants. howev«*r, which resemble Animals 
in their dependenia* iijKm Organic compounds ]*rc[>arod by other 
organisms ; being themselves unable to effect that fixation of Carbon 
by the decomposition of the CO’' of the Atmosphere, which is the 
flrst stage in their onKluetiou. Such is the ease, among Phmic- 
rogmm (flowering plants), with the 'leafless parasitt^s' which draw 
their snpiiort from the juices of their ‘ hosts.' And it is the case 
also, among the lower with the entire group of 

Fungi; which, however, seem generally to dejxud rather, for their 
nutritiva materials, upon organic matter in a state of decomposi- 
tion, many of them having the power of promoting that process by 
tytihoilr (fermentativre) action (Chap, vii.).— Among Anin^s, 
again, there are several in whose tissucvs are found organic com- 
pounds, such as Chlorophyll, Starch, and Cellulose, which are 
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ckaractemtically Vegetable ; but it has not yet been proved tliat 
they nevm'ate these comiwinds for themselves, by the decomposi- 
tion of CO*. 

222. The plan of Organization recognizable throughout the 
Vegetable kingdom presents this remarkable feature of uniformity, 
— that the fabric, alike in the liighcst and most complicated Flants. 
and in the lowest and simplest forms of Vegetation, consists of 
nothing else than an aggregation of the bodies termed CrUs ; every 
one of which (save in the forms that lie near the border-ground 
between Animal and V^egetable life) lias its little particle of proto- 
plasm enclosed by a casing of the substance termed cfUiilogv — a 
non-nitrogenous substance nearly allied in chemical composition to 
starch. The entire mass of cells of which any A^(^g(^table organism 
is compo.sed, has Ix'eu generated from one primordial cell by pro- 
cesses of self-multiplicatitai to be ])resently desfjribed ; and the 
difference betwecui the fabrics of the lowest and of the highest Plants 
essentially consist^ in this, — tliai whilst the cells produced by the 
self- multiplication of the primordial cell of the i’rotophyte are all 
mere repetitions of it and of one another, each living hy and/or 
itself — those, ])ro(luced by the lik4* self-multiplication of' the pri- 
mordial cell in the Oak or Ihilm, not only remain in mutual con- 
nection, Imt umlcrgo a progresHiv(‘ ‘ diffenmtiatiun,’ the ordinary 
type of the (’ell iindergoing various modifications to be described 
in their ]>roi>er |)lace (C'liajj. Mil ). A coinpositi* structure is thus 
develoj)ed, which is inmle u]) of a number of distinc.t * organs’ 
(stem, leavi's, Kxjts, flowers, Ac.) ; eacdi of them characterized by 
specialities iK»t merely of exUnaial fonii, but <d' intimate structure; 
and each performing actions j)eculiar to itsiilf, wliicli contribute to 
the life of the Plant n whole, Henc(‘, as was first definitely 
stated by Schlciden, it is in the life history of the hidivulnal cell 
that we find tin* tnie basis of tht! study of Vt^gctable Life in general. 

22il, We have nf)W to consider in m(»re detail the structure and 
life-historv of the typical Plant-cell ; and sliall begin by treating 
of the (Jrh^ivalL — 1 1ns consists of two layers, diffenug entirely in 
composition ami pro]>ertieH. It is the ///ac/', termed the ‘primordial 
utricle,’ that is first ionued, and is most essential to the existence 
of the cell ; it is extremely thin and delicate, so that it escapes 
attention so long as it remains in contjict with the external layer; 
and it is only brought into view when separated from this, either 
by developmental changes (Fig. 143, a), or by the influence of re- 
agents which cause it to coniract by drawiiig-fortb part of its con- 
tents (Fig. lo9, i ), Jt is not sharj>ly defined on its internal face, but 
|>a«sos gradationally into tlie protoplasmic substance it encloses, 
from which it is chiefly distinguishable by the absence of granules. 
And it is shown by the efiects of re-agents to have the alhumimuH 
composition of protoplasm. It may thus be regarded as the 
slightly condensM external film of the protoplasmic layer witli 
which its inner surface is in contact ; and as it essentially corre- 
sponds with the ‘ cctosarc* of Am/jnha or any other Khizoiiod (§ 
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it may be termed tbe edophiBrii , — The onier layer, on the other 
head, entirely consists of which seems to be excreted 

from the surface of the ‘ ectoidasm* for the protection of its con- 
tents ; it is usually thick and strong, and can often be seen to 
consist of several layers, ’'fhe * ecb)plasm' and ‘ cellulose wall’ can 
be readily distinguisfcd from one another by Chemical tests (§ 204) ; 
and also by the action of Carmine, which stains the protoplasmic 
aubatance (when dead) without afTeoting the celhilose-walL 
224. The content h of the Plant-(‘ell, which may be collectively 
term(«:l the otdophsm (answering to the ‘ eiulosarc’ of Kliizojx^ds), 
or, when stnmgly coloured throughout (as in many Ah/(p) the ntJn- 
chro'nWs consist in the first place of the layer oi protoplasmic sub- 
gtanoe which lines the ‘ ectoplusm ;* secomlly, of a watery fluid, 
called ‘cell-sap,’ which holds in solution sugar, vegetable acids, saline 
matters, kc , ; thirdly, of the ]»e(‘uliar body tinned the ‘nucleus;’ 
and fourthly, of clilorfiphyll-corpuscles (enclosing Htarch-griinnles), 
oil-particles, Ac. — In the young state f>f the cell, the whole cavity 
is occupied by the jirotoplasmic Hubstamte, wliicli is, however, viscid 
and gnuiular near the eelbwall, but more wat<nT towards the in- 
terior. With the cnlarg(*ment (d the cell and the imbibition of 
water, clear s])ac(‘8 burned rurvnffs, filled vrith >vatery cell-sap, 
arc seen in the ju’ob^jdasmic substance; ami these progressively 
increase in size and number, until they come to occupy a consider- 
able proportion of the cavity, the protoplasm Hlrctcning across it 
aa oat irregular md.work of baiuls. Where, as usually happens, the 
‘nucleus’ lies indu'dded in the outer ]nolo].lasinic layers, these 
l)Ands are gn^dually withdrawn into it, si» tlmt the se])arato 
vacuoles unite into one large general vacuole vddeh is filltnl with 
watiCry cell-sap. But where the ‘nucleus’ <’C*eu]>ies the centre of 
the cell, part of the pndoplasm collects arouml it, and bands or 
threads of protoplasm sfrebdi theuco to various parts of the 
parietal layer. It is bv the (‘ontractility ot the j>r(»toplaHinic layer, 
that the curious * cyelosis’ hereafter to lu‘ (lescribed (§ 2r)8) is 
carried-on N^dlhin the Phinbcell. which is the iiuwt interesting to 
the Microscopist of all its manifeHtalions of vibd activity. — The 
tiUch^Hsis a small body, UKuall 3 M)f huiticulnr or sub-glolK).sc form 
(Fig. L3lh A, o), and of albuminous compo.sition. that lies imbedded 
in protoplasmic sub.sbmce, either on the ct ll-wall or in the central 
cjavity. It is not, however, constantly present even in the higher 
forms of cell-structure ; for in those cells whose active life has been 
completed, the nucleus is usually absent, haring probably been 
reaolved again into the nrotf»plasm from which it was origin^j 
formed. And in the cells of many of the lower Cr}T)togamg, it 
cannot be distinguishtHl at any stage of their existence. Within 
the nucleus are often seen one or more small distinct; particles 
termed nnchoU (Fig. 1311, a, ?d» which can be b^‘st distinguished by 
the strong coloration they receive from a ‘21 hours’ immersion in 
carminci and subse<iuent washing in water slightly addulated with 
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acetic acid. Though the precise functioii of the nnolens is still 
xmknown, there be no reasonable doubt of its peculkr relation 
to the vital activity of the cell : for in the nucleated cells which 
exhibit ‘ cyclosis,* it may be observed that if the nucleus remains 
attached to the cell-wall, it constitutes a centre from which the 
protoplasmic streams diverge, and to which they return ; whilst if 
it retains its freedom to wander about, the course of the streams 
alters in conformity with its position. Hut it is iu the multiplica- 
tion of cells by binary subdivision whicli will be presently described 
(§ 226), that the speciality of the nucleus as ihe. cenire of tlw viial 
activity of the cell is most strongly mauil'ested. — The clthmphjU 
anyxoidcs^ which arc limited to the cells of the parts of plants 
acted-on by light, are specialized particles of protoplasm through 
which a green colouring matter is ditfuscMl ; and it is by them that 
the work of decoiu[)osing CO*, and of * fixing’ its carbon, by union 
with the oxygen and hydrogen of water, into dixrdi (which seems to 
he the basis of all other vegetable comjiouuds), is effected. The 
characteristic green of chlorophyll often gives place to other colours, 
which seem to bo produced from it by chemical action. — Starch- 
grains ar(‘ always fomed in the first instance} in the interior of the 
chloro[)hyll-corpiiHcles, and gnidiially increasi} in size until they 
take the places of the corpiiKclcs tliat produc(‘d them. So long as 
they continue to grow, they are always imbedded in the protoplasm 
of the cell ; Jind it is only when fully formed, that they lie free 
within its cavity (Fig. 216). 

22*>. Hut although these coiniKmeut parts may be mado-out 
without any difficulty iu a large i>ro])<)rtion of Vegetable Cells, yot 
they cannot be distinguished in Home of those humble organisms 
which arc nearest bi the bord«u‘-line betwe<}n the two Kingdoms. 
For iu them we find the *cell-wmll’ very iiniierfoctly differentiated 
from the * cell-ccmtents the former not liaving "by any means 
the finnness of a perfect membrane, and the latter not poHSCSsing 
the liiiuhlity wdiicii elsewhere (}haract€}rizes them. And in some 
instances the cell appears to be represented only by a mass of 
endochrome, so viscid as to retain its extenial form without any 
limitary membrane, tbougli the siijicrficial layer seems to have a 
firmer consistence than the interior substence; find this may or 
may not-be surrounded by a gdatinous-iooking envelope, whicn is 
equally far from possessing a membranous finnness, and yet is the 
only representative of the cellulose-w^aU. This viscid endochrome 
consists, as elsewhere, of a colourless protof)lasm, through which 
minute colouring jfarticles are diffused, sometimes uniformly, some- 
times in local aggregations, leaving parts of the protophism un- 
coloured. The superficial layer, in particular, is frequently destitute 
of colour ; and the partial solidification of its surface gives it the 
character of an ‘ ecteplamn.’ The nucleus, as already mentioned, is 
frequently a1>sent from the cells of the lower Proteplwtes.— It is 
an extremely curious feature in the cell-life of certain 
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tiiat they not only move like Animalcules by cilia or flagella, but 
that^ they exhibit the rhythmically-oontracting vacuoles which are 
specially characteristic ol Protozmc organisms. 

^6. So far as we yet know, every Vegetable Cell derives its 
existence from a pre-existing coll ; and this derivation may take 
pli^ (in the ordinary process of growth and extension, as distin- 
^ish^ from ‘ sexual generation’) in one of two mmles : — either (1) 
mnanj suhdivmon of the parent-cell, t>r {2) free cvUfunnaiioH ivithin 
the parent-cell. — 'Fho first stage of the former pnx^ess consists in 
the elongation and transverse constriction of the nucleus ; and this 
constriction becomes deeper and deeper, until the nucleus divides 
itself into two halves (rig. ». o, a!), Tliese then sepanitiug 
from each other, the endoplasm of the parent-cell collects round the 

Fig. 130 . 



Snhifirf n of Celh in End«VNj>pnn of Sood of 
Scnrlot-ntnuor: — a, or«iitinr>' coll, with nuolruH «. and mudoo- 
lu8 i»,iml>e(lod iuit» m-otopk^ai;— n, eoU showijig snbdivisic'ii 
of iiHclous into two halvo.8, at and a' ; — c, rtdl in sninr* Rhvgo. 
showing oontmrtion of t^iuloplasin (prodiict'd by fiddition of 
wattT). into two nmsso.s rcnind Uie two*segnie«t« of 

origina.1 miclous;— n, two compk'te cells within mother-cell, 
diiddcd by partition. 

two new centres, so os to <li\dde itself into two distinct masses 
(c, e, a^); and by the investment of these two se< 3 ondary * endo- 
plasms,' first witn ' ectoplasms/ and afterwards with cellulose* w^s. 
a complete pair of new cells (n, «, rt^) is fonne<i within the cavity of 
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the parent-cell. — The latter proce«f», which is very eoitimon aitiong 
J^rotophytes (beini;^ that by which * zeosperfis,’ or * swarm-spores/ 
are commonly produced, § 245), iscldofly seen among Phanen>gams 
iu the production of a number of cells at once within the cavity of 
the * embryo-sac’ (§ 349). which may itself be ('onsidertHi as a dis- 
tended parent-cell, liie endoplasm, in the former of these cases, 
instead of dividingitself into two halves.usuallv breaks uj) into nume- 
rous segments corresponding with one another in size and form 
(Fig. 149), ea<!li of which eHcapiiig from ilu* parent ca\ity becomes 
an independent ctOl, ami gives f>rigin by duplicative subdivision to 
a new fabric. In tlie second case, the endoplasm groups itself, more 
or less compleUiy, round sevx'ral centres, each of which may or may 
not contain a nnclens in the first instance ; and these secondary 
cells, in various stages of developim'iif , li(' free within the cavity of 
the }tarent-(‘t*]l, imbedtled in its rovsidual endo]>laHm, (‘aeh pnK'e(Hliug 
to complete itself as a cell by the formation of a limiting wall, and 
by tlu‘ dev«‘]opment of a nucleus if none was ]>revHionHly ))reHeiit 
(Fig. 14<9. Now, in this second cas(‘. as the mnv brood of cells 
continues to form part of the fabric in it originated, its pro- 


Fio. 140. 



Sticr.>!siv(i fitiiges of /'m' (til format ion iu Kiiibiyo-sac ot 
S(*r<l (4 Sc.'irlut-naincr ; — < 7 , «, a, complutod coHh, cai'h hjiviag 
its propfr crll-wtill, nurl<>uH, and fudoplnsm, tying in aprot<t- 
plasinic inaKs, througt) whirh arc dispersed imclei and c<*]1h in 
varimiK s'ag»‘H of development. 

ductiou is clearly an act ffrrncih; and although, iu the first case, 
the setting-free of the ‘ swarm-sixires’ from tht^ parent-cell calls 
into existence a fresh broml of secondary organisms, tliis is no more 
to regarded in strictness as a ‘ new generation,’ than is the pnt- 
ting-forth of a new set of leaf-buds by a tree — every one of them, 
when flei)arated from its stench, developing itself under favourable 
conditions into the likeness of that which produced it. As a ‘ new 
generation/ in any Phanerogamic plant, has its origin in the 

T 
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fertilization of a bigbly specialized ‘ germ-ceir (contained witliiu the 
ovnle) hy the contents of a ‘ 8j)enn-ceir (the pollen-grain), so do we 
find among all ‘save the lowest Cryptorja,nfi a provision for the 
union of the contents of two highly specialized cells ; the ‘ germ- 
cells’ being fertilized by the access of motile filaments (antnero- 
zoids), set free from the cavities of the ‘ sperm-cells^ within which 
they were developc^l {§ 25D). Hut although the sexual process can be 
trace<l downwards under this ibriu into the group of Protophytes, 
we find among the lower tyj)es of that gnmp a yet simpler mode of 
bringing it alxuit ; for there is strong reason to regard the iu't of 
‘conjugation,’ which takes j)lace among the ‘ unicellular’ 

(§5 229, 2do}, in the same light, and to look ujh)!! the ‘ods])Orc’* 
wnich is its nuin(*diatc ]>roduct, us the originator (like the fertilize<l 
embryo-cell of the PhaiKTogami<r vS(*ed) of a ‘new generation/ 

227. In the lowest forms of vegetatiim. every single cell is not imly 
capable of living in a state td isolalion Ironi the n^st, hut even 
normally does so; and thus tln^ plant may be said to be /o/fee/. 
/nhir, eveiy c<*ll Imviug an inde]><*ndeut * iudividualitv/ ’riiere are 
others, again, in which iim<»r)>hous masses are ma»le np l)y the aggre- 
gation of t't^lls, wliicli, though quite ea]>:Lblc of living inde])endenth , 
remain attached to each other by the mutual lusion (so to speak) of 
their gelatinous inveHtTiieiits. And there are others, moreover, in 
which a delinite adhesion exists between iln^ cells, and in which 
regular pluut-liko strmdure^ an* thus fornitM}, not witlistamling that 
every cell is hut a rejs-titam of every otlnuy and is<'apahh* of liring 
indepen<lentlv if d<'taclu‘(l. so as still io answer to the designa- 
tion of a ‘ unioellular’ or siiigle-eelled Plant, 'riuvse different con- 
ditions we shall iiiid toarist; tmt of the niotle in which each particular 
species imdtiplies by binary subdivisi<*u : for where the cells 

of the new pair that is ])rodm‘e<l within the pre\iouH cell undergo a 
cowpb.7c sej>aratioii from »me auotlier, they will henceforth live in- 
dej>eTJidentlY ; but, if, instead of umlergoing this comjdele fission , 
they should be held b'gether by the int<T\ t'uiiig gelatinous eiivelojM3, 
a shapeless mass results from i*ej)t*atod sulHlivisioiis not taking 
place on luiy determinate plan ; and if. moreover, the })inary 
subili vision should always take jdace in a determinate direction, 
a Jong naiTow filament (Fig. 1 do, n), or a liroad fiat leaf-liki* 

* The U'rm has bvii hni*.!: wst'd hy Oyitto^juiaHts to dcsiguato thi* 

inioute reproductive purliolcs (such aw those Vot five from the * fructification* <*f 
Fem», Mosses, Ac % uhuh were supposed — in the absence of all knowledge of 
their sexual ndativins— to b<* the (‘(juivaleuts of the Speeds of Flowering plants. 
But it is now known that such ‘ .«tpon‘.s’ hav<‘(so to speak) very different values 
in diifennt’ cast's ; btuug, in by far the larger proportim of Cryptogams, hut 
tho remote descendant.** of the fertilised cell which is tho immediate product c*f 
the ftfxoal act under any of its forms. This cell, which will lai distinguished 
throughout the po'seiit livatise as the obsjtotr^ is the real representativo of tho 
‘ primordial etdr of the ‘ embryo’ develop'd within the urefl of the Flowering 
pWt, On tho other hand, tho various kiuds of ni^nsexuat spores mnitted by 
Cryptogams, which have ix'ceived a groat variety^ of desiguations, aro all to b‘ 
rt'gardod (os wifi U* presently explained) as equivaleuts of the »>f 

Flowering plants. (See the next Note.) 
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oxj>aaaion ((i), may be gcuemted. To such extended fabrice the 
term * unicelliilar ’ plants can scarcely be aj>plied vpitb propriety i 
since they may be built-up of many thousands or millions of dis- 
tinct cells, which have no disposition to separate from each other 
HpontaniKuisly. Still they correspond wdth those which are strictly 
unicellular, as t<j the (fhsrurv af diffcrt'ufuiiioit either in strac- 
ture or in actions between tbeir C/omponent cells ; eat'h one of 
these beinpf a repetition of the rest, and no relation of mutual 
dependence (‘xistiii^ among them. An<rall such simple organ- 
isms, therefore, may still be included linden- the general U^mi of 
l*ROTOrinTKS. 

22H. Kxchaling for the reasons to ]>e stated hereafter 

d2o), Botuiiists TKJNV rank tln^se Ih-otojdiytes under two series; — 
Aitfo \ whieh f(U-iii ehlorophyll, and can support themselves upon 
air, water, and ininoral niatiers ; and which, not fonniug 

chlorojdivll }ortheniselvcH,di’^>end for theirnutriiueut u]>on materials 
drawn from other organisms. Earli serii's contains a largo variety 
of forms, which, when traced from below upwards, present graila- 
tionally iucrt*<ising eomjdexith’s of structiiri*; and these grailations 
show ihcniselvcs ('specially in the ju-oviHions made for the (Genera- 
tive j)ro<u'HS, 'riiuH. in tin* lowest, a ‘ zygospore’ is jirodiiced by the 
fusion of tin* conleiiis of two (-ells, which neither present any 
sexual diflVrtaic**, tin' one from the other, nor can Ixj distinguished in 
any way from the rest (§ 2251). In the following stage, while the ‘ wm- 
jugaliiig’ e(‘lLs arc still apparciiGy nnditi’en'ntiai.ixl from the rest of 
the structure, a sexual <linerc-nce show-s itself between them ; the 
contents of (me cell (male) passing over into the cavity of the other 
(female), within wliich tin,- * zygospore? ' is formed (§ 2ii5). The n€*xt 
stage? in the ascent is the resolution of the contents of the male 
<j(*ll intA) motile tilamenls {‘ antheroids ’), whieth, escaping from it, 
move frt'oly through the water, and hud their way to the female 
cell.w-hoH(? contents, fertilized bymixturcwdth the mattirial theybring 
(§ 24'1>)* foimi an ‘obsjxire/ In the lower fonns of this stage, again, the 
generative cells are md distinguishable from the rest, until the con- 
teutAi begin to show tlnar clianictiTistically sexual aspect (§ 251.}); but 
in the higher they are developed in H|M?cial organ s, con s tit u ting a trun 
‘ fnictih (nation’ (§ 259). This must, howev(*r, be distinguished from 
organs, which, though commonly spoken of as the ‘ fnictihcatiori,* 
have no real analogy with tVie generative ajijiaratus of Flowering- 
plants ; their function being merely to give origin to (f(i)udiid^ cells 

♦ The h-nn originAlly applied to certain grfen c.ells in tbo Lichen- 

crusts, that are e«pa)>lc, wlien detaclc'd, of reproducing the vi.'^<?Utivo portion 
of the Plant (§ has latterly come into utx.* as a dcHij^nation of the 
ftporen of t’ryptogatnia gfun*ra]Jy, whi<;h it is very important to diseriminato from 
the generative * (Xisjionrs,’ If possess'd of vwtiff powers, they are spoken of a.s 
♦ zoiiK|)oreH,’ or sometimes (on account of the appearance the}- prewnt when a 
number are set at once) as ‘swarm-spores.’ In con tradistincticra to 
‘ motile’ gonidia or ‘ zo^apores,’ thoHo which show no movement are often 
termed trying spores or ahthxrpores ; but such may bo either «*xual ooapoTti or 
iion-8cxualiro«iV/irt j the latter, like? the former, often ‘encysting* themselves 

T 2 
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or groups ol coEs, which simply muUiphj the parent stock, in the 
same manner that many Flowering-plants (such as the Potato), can 
be propagated by the artificial separation of their leaf-buds. It 
frequently happens among Cry ptogamia, that this (jmndialirxic* 
tifioation is % far the more conspicnous ; the se^ wd fructifica- 
tion being often so obscure that it cannot be detected at all without 
great dimculty. And we shall presently see that there are some Pro- 
tophytes in which the production of f/miidiu soeins to gc) on indefi- 
nitely, no form of sexual gen<‘ration having been detected in them 
(§ These general statements will now ])e illustrated by 

SKetehes of the LilV'diistory of some of thost* Imudile L’rotophytes, 
which present tli(‘ phenoinenn of cell-diviHioii. (‘onjngation, and 
gonidial multiplication, under their siTn])b‘Kt and most instructive 
aspect. 

229. The first of these is the Pidutinfhva ithf'u'oco/u-fi ( Iv lit zing) ; 
one of those hum})le kinds of vegetation wliidi spreads itself as a 
gi'eeu slinnj over (la.m]» stones, walls, Ac. When this slnne is 
examined with the mieroHeo])e, it is found itxtonsist of a Timltitiule 
of green cells fl’lat<* \ iii., fig., 1. \).each surnujiidetl liy a gelatinon.s 
envelope; the cell, whidi <loes not .s<‘em to have {iny distinct rnem- 
hranons wall, is filled with a granular ‘ endoclirorne’ eo-'inisting* of 
green parti<d('s dithis(‘d through eolourh^ss protoplasm , ..rid lu the 
midst of this a nucleu.s may s<»metimeH he distinguished, hut can 
always he brought into view by tincture of io<liu<', which turns tire 
* etidochrome' cell to a. hrou uish hue. and makes tlie nucleus ((d 
dark brown. Otlu'r cells are seen (a), which arc <‘onsiderahly 
elongated, some of them beginning to ])rcscnt a sort of lionr-glass 
contraction acn>ss the middle; and wlam <'cil.s in t his (ondition an* 
treated with tincture of iodine, the nuehut.s isse(*n to lie undergoing 
the like elongati(ui uml e.oiistriction (u). A more advanet'd stat<* ot 
the process of subdivi.' ! m is seen at < , in whudi the eonstnetioii hu> 
proctHnied to the exttuit of completely entting-off the two halves of 
the cell, us well as of tlie nucleus (i), from each other, though they 
still remain in mutual contact ; hnt in a yet later shige they are 
found detin hed from each otluv (n), dmugh still inelmhHl witliin 
the same gelatinous extvelo|H\ Ka<'h new <*ell then begins to secrete 
its own gelatinous envelope, so that by its intervention, the two are 
usually soon sejairated from one anotfnu* (f, 1. Sometimes, however, 
tliia is not the eas(‘ ; the process of subdivision bt mg quickly repeated 
before there is time tt>r the priwluction of the gelatinous envelope, 
so that n senes of cells i^f) hanging-oii tme to aindher is protiuced. 
There apjH'ars to In' no definite limit to this kind of multiplication ; 
and ext<?nsive areas may be quickly (‘overtsl, in cmaimKtances 
favourable to the growth of the plant, hy the priMlucts ot the binary 

ia a firm euvelejK*, arui rcmaiutnc' donuant within it for long jjeriods of tinu'. 
Gonidial six^roH, again, are sonitUum-s distuu-tively iiamod according to their 
»otne of them, Avhicb consist uf nnmemiisrell-pailiclesclasn'redtogether, 
lieing dowignated in conti'ast to the consisting of 

m’ngie cell-psTtides, which, when motile, are known as • zoospores.’ 
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subtliviBioti of one primordial cell. Thi», an already whown (§ 2*26), 
i« really an act of tjraivfh, which continues indefinitely so long as 
moisture is abundant, and the temperature low. — But under the 
influence of heat and dryness, the priicess of cell-multiplication 
gives platie to that of * conjugation in which two cells, apparently 
similar in all reHjiects, fuse together for the pr(Hluctiou of a 
* zygospore,’ which (like the seed of a ^''lowering-plant) can endure 
being reduced to a (piiescent stntii for an unlimited time, and may 
be so completely <lried np as to seem like a jiarticle of dust, yet 
resiLmes its vegi'tative activity whenever placetl in tln‘. conditions 
favourable to it. ’Phe conjugaliiig [)r<>C(‘ss comnnmees by tin’s 
puttiug-forth <»f protrusions from the boundaries of two adjacent 
cells, wblcli meet, fuse together (thereby showing the want of finn- 
nesH of their ‘ ectopia, sms'), an<l form a <a)nnccting britlgc between 
their cavities (k). 'Plie fusion extends befort' bmg through a large 
part of the eoutiguous sides of the two ccdls (i.) ; !ind at last becomes 
HO coin]>lete, that the combituMl mass (m) shows no tra(‘0 of its 
double origin. It soon forms for itself a tirm et^llulose envelope, 
which Imrsts when the * zygosjjore' is wetltni ; and the eon tni nod cell 
begins life as a y/c/e speedily innlti))lying. like tin* former 

ones, by binary subdivision. — It is curious to ol)H(*Tve that during 
this conjugating pro<a*HS a, production of oil-particles takes phicc iu 
the cells ; th(‘Hc at first arc small and distarit. but gradually become, 
larger, and ap]“>roximatc mon*. eloscdy to each other, and at last 
<a)alesee so as to form oil-(lro])S id' various sizets, the gresen granular 
matter di, sappearing ; ami tlu‘ (*olour of the eonjugated body 
clmngcs, witli the advanci* of lliis process, Irrun green to a light 
J^ellowish-brown. When the zygosjmre begins to vegetate, ou the 
other hand, a (‘oina'r.sc change oecnirs ; the oil-glohnles disappear, 
and green granular matter takes their ]>laee. 'PbiH is precisely 
what baj)pens in the formation of the seed among the higher 
Plants ; for .starcliy substances are traiisfurnied into oil, which is 
stored lip in tht; seed for the nutrition of the embryo, and is applied 
during germination to the purposes wbicli arc at other times 
iinswered bv them, 

2d0, If til is (as seems probable) conslitiites the eutir^^ life-cycle 
of the Vo} i,(,rnfhnfi, it affords no exaiUple of that curious ‘ motile* 
stage which is exliibiWsl by most Algal protophytes in some stage 
of their existmice, and wbicli constitutes a large, j>art of the lite- 
bistory of the minnb' nnicelbilur organism now Ui oe described, the 
Vi'idormxm (i*late Mir., fig. 2), which is not uncommon in 

• The Author had iiurh-r hi.«« own observation, thirty-five years ago, an C'Xtra- 
ordinaiy ahuudanee of what he now feels 8atihfl<al nmnt have tins Prom* 
phylc, lu an o|h>ii rain-water eistem which luxd Ix'en newly clr*rtjn*d~out. His 
notico was attrachsl to it by fM*cing the surfjice of the water covered with a 
green froth, whenever the sun shone upon it. On ex.amimng a portion of this 
froth under the Microscope, he found that the wabw was crowded with glreen 
cells in active rnoliou ; and although the only bodies at all re.sernbling them of 
which he could find any deficription, were tho so-called constituting 

the genn.s ChlumyiiomomA of I’rof. EUrenbet^, and vciy Uttbj was known at 
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ooUtMjtions of rain*waier. Not only has this Protophytt?, in ItM 
motilo-condition, beon very commonly regarded as an Animalcule, 
but it« different states have Wen described under several different 
names. In the tirst phice, the rohnr ui its cells varies consider- 
ably; since, although they are usually (jireu at the period of their 
most active hfo, they arc sometimes ml ; and their red form has 
received the distinguishing ajipeilation of ITn-miiomrnu^. Very 
coihmonly the red-colouring matter forms only a central mass of 
greatei’ or less size, having the apT)oaraiice of a nucleus (as shown 
at k) ; and sometimes it is reduced to a single graiiiilar ]K>int, which 
has been erroneously represcuit^Hl by Prof. Khrenberg us the cy(* of 
these. 80-calle«l Auiinalcule.s. It is quite certain that the red 
oolouring-Hubstanee is very nearly related in its c]ienii(‘al ebaraxitor 
to the gr(s*n. tnul tliat tluMuic may be converted into the other: 
though the coudilinus under which this conversion tak(*s plat^e arc 
not precisely known. In the s//// form of the cell, with which we 
nmy commence the Instory of its life, the endojdasm consists of ti. 
colourless protoplasm, tlirougli which red or green -coloured granules 
arc mortMfr les.s uniformly diffu.st*d; and the surface of tin' colour- 
less ycotopla sin is c(jndcnHcd into an ectoplasm, which is surrounde^l 
by a tolerably firm layer, consisting of cellnhjse or of sonu' modifica- 
tion of it. ()ntsi<le this (as shown at a), when the ‘still’ cell is 
formed hy a change in the condition ol a (‘ell that has been pre- 
viously • motile,’ we find another envelope, which soeins to he of the 
same nature, hut wlii«'h is separaUnl hy the interposition of a^jiieous 
Iluid; this, how('V(‘r. may he altogeth(*r wanting, d'he multiplica- 
tion of till' ‘still* e(‘lls hy siihdivisiou tak<‘s ]>lfici‘ as in /V/feoe/ZoY/ ^ 
the endoplasm first undergoing separation into two halv(*s (UvS seen 
at B), ami <‘at'h of these liulves suhsequeutlv develo]>ing a eelliilosc' 
envelujH' around itself, and undergoing the same division in its 
tuni. Thus 2 , 4 ,H, Jt) naw e(*lls are sueeessively produce<l ; and 
tlicae are sounTimes set-free hy tlu' comjdett' (lissolutiou of the 
en%*elope of tin' original ih'U ; but they are more eommonly held 

that fimn c*f tho ‘ninti!,*’ romlitien'i of Plants of this (h'^rrijitinij, yot. of thti 
Vegetable ufitun' of tlu'se Uxiies he rouid not entertain th^' sniaUest doubt. 
They ttpp*'ared ill fn'slily coUeeteU* rain-water, and eould not, ttiercfore, lay 
deriving their suoporl from Orginu* matter; under the mtUieuce of light the}’' 
were ouviously deeo nposnig (’arbouic acid and liberating Oxygen; and this 
iuflimncu he tound to h‘ essential to the oontmuunee of tlu'ir growth and 
dovelopmenf, wtiieh took place entirely upon the \'egetativ"e plan. Not many 
days offer lh<« J’rotojdiyUi first np|jenn*d 'in the wat<‘r, a few Whcel- 
wnmak'ulf’s po-sentod themselves: tltese fed greedily upon it, and iuoreasMMlso 
rapidly (the weather In'ing very warm) thst thei' speedily became almost aa 
crowdiMl as tbts (M'lls of the FrotoctH'cus li.ei liw'cn ; and it was probably due in 

I iart to tboir voracity, that the Plant soon lx*canu'i lesh abunaant, and lieforo 
ong disftppeart'd alti'gether. Had tlio Author Is'eu then aware of its assump- 
tion of thd *8tiir eouditiou,be might have found it at the bottom of the cistern, 
after it hiul ts'ascd to prosv'Ut itself at the surface. — The account of this Plant 
given above, is derived fnmi that of Dr, (\»hu, in the ‘‘Nova Acta Acad. Kat 
Ouilaa.*' (fiouu, 186h), Tonu xxii. ; of which au abstmet by Mr. George Busk 
ia oootain»>d in the Botanical and Physiological Memoirs’^ published by the 
Bay Sorlety for 
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to^rotlier by its transformation into a gclatinovis investment, in 
which they remain imbedded. {Sometimes the endoplasm sub- 
divides at once into four segments (as at n), of which every one 
forthwith acquires the characters of an indo]i>cudont ctdl ; but 
this, although an ordinary methmi of inultmhcatioii among the 
‘ motile' cc'Us, is comparatively rare in the * still* condition. 8ome- 
timcH, again, the oiuloidasm of the ‘ Htill* form sulxlivides at once 
into eight ])ortioiiH, which, being of small size, and endowed with 
luotih* power, may be considered as r.uoHjKurn. It is not t|uiU‘ clear 
what becomes ol these ; but there is reason to believe that some of 
them retain their motile powers, and develope themselves into 
tile ordinarv ‘motile* (‘ells; that others produce a lirm cellulose 
on veloj)e, and btvome ‘ still * (iolls ; aud that others (}>erhapH the 
majority) j)eris}i without any iurther (diange. 

•2-»l. Wdien tlio ordinary K(‘lf-division of the ‘still’ cells into 
twt> segrmuits has been repeattal four times, so as to produce 10 
(H.‘lls -and sometimes at an earlier j)eriod — th(‘ new cells thus 
]>r<Mlu<‘ed assnim* the ‘ motil(^’ condition; Inung liberatisl befon^ 
tlie di'velopment of tin* cellulose envelope, and becoming furnished 
willi two long vibratjh\//(n/e//o, which seem to be extensions of the 
colourletss protoplasin-l.’iyer that a(Maijnulat(‘s at their base so as tf> 
form a sort ot transparent b(‘ak (n). Jn tliis condition it seems 
obvious that the colourless prot/oplasrn is more deve]o])ed relativ<dy 
to the colouring-matter, than it is in the' still 'cells ; and it usually 
eontaiTis ‘ va(mol(‘s' occupicnl only by clear aqueous fluid, wliicdi are 
Hometiiiu's so numerous as to take-in a )arg(‘ part of the cavity of 
tlie (^ell. so tliiif til** coloured cont(*Tjts seem o?dy lik«' a de}>osit on 
its walls. H(;h>rc huig, this ‘rnotih*’ cell acqnire.s a peculiar saccu- 
lar inveKtmeut, winch se(uris to (^ornenpond with the cellulose enve- 
lope of tin* ‘ still ’ cells, but is not so tirm in its consistence ( I, K, l); 
and bt’toveen this and the .surface of the ectoplasm a (jonsiderahh^ 
s]>act* iiiterv(mes, traversed by thnaid-like exU^nsious of tin* latter, 
wliicli are nmdered in(;re distinct by io<liue, and can be made to 
retract by inean.s of re-agents, d‘h<^ flagella ]>a:ss through the 
cellulose envelope, which inv<ist:s their hasc with a sort of sheath; 
and in the portion that is within this shisith no movement is seen. 
During the aetive life of the ‘ motile* cell, th(‘ viliratioii of these 
flagella is so rapid, that it can he r(^cogniHed only by the currents 
it produce.s in the water through whicn the cells are ({uickly pro- 
pelled ; but when the motion becomes slacker, the filamcntH them- 
selves are readily distinguishable ; and they may bo made more 
obvious by the addition of iodine. 

The multiplication of these ‘motile’ (‘ells may take place 
in various modes, giving rise to a great variidy of appearances. 
Wometinies they undergo a regular binary subdivision (n), whertjby a 
pair of motile cells is produced (c), each resembling its single pre* 
decessor in jmssessing the cellulose investment, the transparent 
l>eak, and the vibratile filaments, before the dissolution of the ori- 
ginal investment. Sometimes, again, the contents of tb* primordial 
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coll undergo a Begmcntatiou in the hrst instance into four divi- 
siouH (i>) ; which may either become isolated by the dissolution 
of their envelojx*, and may 8(!]mrato from each other in the con- 
dition of fre(^ primordial ntnclcB (fi), developing their cellulose 
investmcntH at a future time; or may acquire their cellulose 
inve»tmeutH (as in the preeeding ease) before the Moliitiou of that 
of the original ceil ; while Hometimes, even after the diHapjwaranoe 
of this, and the formation of their own independent inveHtments, 
they remain attached to eaeli other at their beaked extremities, 
the primordial utricles being <*oimcctetl with ea<di other by pedun- 
cular prolongations, and the whole conipouml body having the form 
of a -f. 'I'his (|uaternary segmentation a[»pears to lx? a more 
frequent mode of jmiltiplication among the ‘ motile’ cells, than 
the sulxliviHion into two; althongh, as we ha\e stx'n. it is less 
common in the ‘still ’ condition. So, jilso, a primary segmoitation 
of the entire endochroim* of the ‘ motile’ (‘clls mto 8, lt», or even 
d2 parts, may take ]>lace (r, k), thus giving rise to as many minute 
gonidial edfs. 'j'lies(‘ m/erow/on/d///, when set free, and possess- 
ing active pow'ers of movimamt, rank as ‘ zod><port‘s’ (o) : they may 
either develope a loosi' cellulose investment or <‘yst, so as to attain 
the full dimensions of the ordimiry motile cells (i, k), or they may 
become ciotlied with a dense cnvelo])(* ami lo.>e tlieir llagella, 
thus passing into the ‘still’ condition (a) ; and this hist trans- 
fomation may even take place l)efon‘ they are set ire(‘ from the 
(!Uveh»pe within wdneh they were produeisl. sn tiiat tlaw eoustitute 
a mulberry-like mass, wdiicli tills the whole eavity of tlie original 
cell, and is kept in motion h\ its Hagcdla. 

2d’d, These varied forms, wdiose relation to eaeh ctther has been 
clearly proved by watching Uio successii)nal change'; that make u}> 
the history of tius <»ne JMuut. have been deserii)ed, not merely as 
^lintiuct spe cies, Init as disUnet ;/'Oewv» of Animalcules, such as 
Ckhimifdoitumo^, Haainui, Pandn- 

rum, Vv^lhf, Sifnyrijjifti, Js/nsm, Jhulo, and 

probably luany others, (’ertaiu torms, such as the ‘motile’ cells 
t, K, h, appear in a given infusion, at first exclusivelv and then 
principally ; they gratlually diminish, become more and more rare, 
and tinaJly disappear fUt^>gether, being rejdaeed by the ‘ still* form. 
After some tin»e, the number of the * niotih*’ cells again iiuTeases. 
and reaches, as before, an extraordinary amount ; and this altera- 
tion may be repeated several times in the course of a few weeks. 
The proc^^ss of segmeututiou is otten a<*complis}u*d witli great 
rapidity. If a number of motile cells be transferred from a larger 
gitias into a smaller, it wdll be found, after the lapse ol a few hours, 
dmt most of them have subsided to the bottom ; iu the course of 
the day, they will all be observinl to be upon the point of sub- 
iliviaion; on the following morning, the divisional brood w’dl have 
l)ecoane quite free ; and on the next, the botU»m of the vessel will 
be found covered with a new brood of self-dividing cells, which 
again proceetl to the formation of a new bro<xl, and so on. — T^he 
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^tivity of Motion and the activity of Multiplication aot'm tt) stand, 
in some degree, in a relation of recinrocity tA> each other; for the 
self -dividing process taJios-placo witli greater rapidity in tlie * still ’ 
cells, than it does in the * motile/ 

234. What are the precise conditions which determine the tran- 
sition hetweeu the ‘ still ’ and the ‘ luotiU/ statAis, cannot yet bo pre- 
cisely stated ; but the influence of certain agencies can be predicted 
with tolerable cerhiint}'. iTuis it is only necessary to pour the 
water containing th(!HC organisms from ti smaller and deeper into 
it larger and shallower vessel, at once to*«h*ternilne segmentation 
in numerous cells — it pbeiiomeuoii whicii is obstTvable also in 
many other Protoj)}iyt4*s. 3iie * motile’ cells H<ami to be favourably 
atfe<*teil b}" Light, for tlnw collect theiuHclves at the siirtiw;e of the 
water and at tln^ edges of tlio vessel ; but wheij they are about to 
undergo Begmeulation. (ir to pass into the ‘ still’ eonditiou, they 
sink t/O llu; bottom of the ve.sstd, or retreat to that part of it in 
whicli they Jire Knist su]>je<*,to(l t(» light. When k('pt in the dark, 
the ‘ motile’ cells undergo a gnait dimigution of tlieir (dilorophyll, 
which becomes very pah% and is diffuscHl, instead of forming definite 
granules; they eontinm' tlnir movtnuenl, however, unintevru])UH.ll^, 
without either sinking to tin* bottom, or ])assing into the still 
form, or undergoing segmciilation. A moderate warmth, ]>articu- 
larly that ol the vernal sun, is favourable to the development of 
the ‘motile’ (‘ells; but a temperature of excessive elevation pre- 
vents it. Ihipitl eva])oration of tin* w^ater in wliich the ‘motile’ 
forms may be eoulaiiied, kills them at once ; but a more gradual 
l(jss, sucli as tak»*s-phnu‘ in dtH*p gl.'tsses, causcH them merely to 
jaiss into the ‘ still ' form; and in this conditiuii— eK})eciany when 
they have as.suim.*d a red hue —they may be completely dri(;d«ur), 
and may remain in a shite ol dormant vitality for many years, it 
is in this state lliattliev are waitisl-about atmoH}>hcrio currents, 
and that, being brouglit-dowu by rain into pools, cisterns, Ac., 
they may pr»‘s«‘nt tbemsidve.s wdiere none had been jfrevionsly 
known to exist; and there, ninbw favonriibh; circumstanci'S, they 
may undergo a very rapid multiplii nation, and may maintain them- 
selves until tin* wat(*r is dried-u)), or some other change occurs 
which is ineuinpatible with the continuft-nce of their vital activity. 
They tlnm very commonly become r(*d throughout, the nwl colour- 
ing-substance (‘xtemiing itself from the centn* towards the circum- 
ference, and assuming an aiipearaiice hke tliat of oil-drops ; and 
these red cells, acquiring thick cell-walls and a mucous enveloij^, 
float in fiocculent agg^regatioiis on the surface of the water. This 
state seems to corresjKmd with the * winter-six u'es ’ of other IVoto- 
ph^Tes ; and it may continue until wmrmth, air, and moisture 
cause the development of the red cells into the ordinary * still ’ 
cells, green matter being gradually j/roduced, until the red »ub- 
stan«ie forms only the central part of the endochromc. After this, 
the cycle of changes occurs which has been already dcscribexl; and 
the riant may pass through a long series of these, before it returns 
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to the state of the red thick-wallal cell, iu which it may again 
remam dormant for an unlimited period. — Even this cycle, 
however, cannot be regarded as completing the history of the 
rroiocoectis ; since it does not include the performance of any true 
Ocnerativo mi, 'I’here can he little doubt that, in some stage of 
its existence, a ‘ coujugatioiP of two cells occurs, as in Pahm)- 
fflrm; and the attention of observers should be din'ct^^d to its 
discovery, a« well as to the detci-tiou of ollirr vjiriclies in the 
condition of this interesting little I'laiit, v, hirlj will Iu* ])robably 
found to present themsefNes before and alter the perforniance of 
that act 

23*5. Nearly related to the foregoing in the independence of their 
individual cells, an* the two groups Ih t^inui'nu-vtv and 
which, iu a Hyfit(unati(^ view, rank as snhordiuatc* di visions of the, 
family (Unijmjttii'ot ; their (baierative process being performed in 
the same simple manner as that of rnlniotjhva 220). lint these 
two t^ilK^s being of such special interest, to tlie Micr(»scopist as to 
require H( 7 >arut(‘ treatment (§ 2 t) 0 ), only that higher gron{>, the 
2itj(pt(*nnirt‘ifu will be her<5 noticed, iu whi(*h the cells produced by 
binary sulxlivision remain attached U» each other, end to end, so 
as to form long unhranched filaimmts (Fig. Ml ), whost^ lengtli is 
continually ln*ing inerea.sed hy a repetition of tliy same process, 
which may take place in any part of the filaimuits, and not at 
their ends ulom*. d’he plants of this grou]> sire not found so 
much in running streams, as iu wsitiTs that are |>i‘rfectly still, 
Hucdi as those of ponds, reservinrs, ditches, or marshy gnnmds ; 
and they are for the most i>art unattsiehed, Hoatiug fnndy at or 
near the surface, 4vs|H‘(aally when buoyed-up I'V tli(‘ inibbles of gas 
which arc liberated from the midst ot them under the intiuence of 
solar light and heat. In the. early stage of their growdh. whilst as 
yet the cells ar* nnigergoing mu!li[>liealiuu )>y subdivision, the 
eudochrome is commonly <litfiised pretty unih>rmly tlirough their 
cavities (Fig. 141, but as they advance towairls tlie stage of con- 
jugation, it ordinarily arranges it Ht lf into regular spirals (a), though 
tiocasioually in some othor forms, ddu' act of eon pigation usually 
occurs between the cells of twodistinet filaments that happen to lie 
in proximity to each other ; and all the cells of each filament 
generally take part in it at once. The adjacent cells j>nt forth little 
protuberances, vvhieli come into (amtact with each otluT, and then 
coalesce by tlie breaking-<l(o\ u of the inteiweuing ])artitions. so as 
to establish a free ]>assage betwemi the cavities of the conjugating 
cells. In some genera of this family (such as the 

conjugating cells p<»ur their cndixdiromes into a dilatation of the 

* 111 the hIkwc sk»‘tch, the Author hns iircsputcd t!u* facts described by 
Br. Ooho, under the ndatitm which they seonied tt» him naturally to Ixiar, but 
whieh differs fn)m tliat iu which they will U* ftuiud in tl»o original Memoir ; 
and be is glad to lx* able te stat**, from personal conimunicatTou wdth ita abh' 
Autbor, tliat I>r, t John’s IaUt olMservatious have led him to adopt a view of the 
rvtiilicmfibtp of the ‘ atiU’ and ‘ motile* forms, which is in essentinl accordance 
with bia own. 
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passage that has been established between them ; and it is there 
that they commingle so as to form the ‘ zygospore.’ But in the 
Zifgimm (Fig. 141, b), which is among the commoueHt and best- 

Fiu. Ml. 




<jf t}n‘ history of y.yi/mnna thm* rolljj 

o, />, r, ol a of which b is undergoing subdiviHiou ; », 

Uvo filaments in tlic first Mage of conjugation, Bhowdng the spiml 
(iispositjon of their <‘ndo( hroiiics, and the protuhemnecs fnnii the (sonju- 
guting ; (’, cojjijth tjoij of the m;t of conjugation, the endochromufl 
of tlic cells ol tlu> iilamcnt a having <'utir«-ly passed over to those of 
hhuncnt in v'l’hich the z\gosport\s arc fornnah 

knuwnof C(>njugatea*,tbeoiul<M*broincol' one coll panses over entirely 
into the cavity ai the otlicr ; and it is v/ithin the latter that the 
* zyg<»Hp()re ’ is tunned {( ), the two cnduchromeH coalescing into a 
simple mass, around wtiich a hrm envelope gradually makes its 
appearance. F\irthcr, it may be generally observed that hU the 
cells of one filament tlius empty themselves, whilst o// the cells of 
the otlier tilament bemnm* the recipients : here, therefore, we seem 
to have a foreslnnluwing of the sexual distinction of the Generative 
cells into ‘ sperm -cells ’ and ‘ genn-cells,’ which we shall presently 
sei* in the filamentous (Umfuroarnr. Multiplication by ‘ zoospores’ 
has nut been seen to take place, among the Conjngatece. 

From the composite * motile ’ forms of Prnfontccm (§ 232)» 
the transition is cnisy to the grouj) of Volrocinen ’, — an asscinblage 
of minute Plants ot the greatest interest to the Microscopist, on 
account both of the Aniraalcnle-like Jietivity of their movements, 
and of tlie great beauty and regularity of their foniis. The most 
remarkable example of this group is tlie wcdl-known Voho^gMator 
(FiUiXTisriEcrK), which is not uncommon in fresh-water mx)lB, and 
which, attaining a diameter of about l-50th or even l-oOthofan 
inch, may be seen with the naked eye when the drop contaimn|y 
it is held-iip to the light, swimming through the water which it 
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inhabits. Its onward motion is usually of a rolling kind ; but it 
sometimes glides smoothly along, without turning on its axis ; 
whilst sometimes, again, it rotates like a toj), without changing 
its position. When examined with a sufficient magnifying power, 
the Vohoji' is seen to consist of a hollow sjffiere, com|)o.sod of a 
very pellucid materitil, which is studded at regular intervals with 
minute green spots, and wliicU is often (but uf)t constantly) tra- 
versed by green threads conut'cLing these sj>ots tcigetla-r. From 
each of the Sj)ots prociHsl two hmg //(o/c/ifu ; so that the entir(‘, sur- 
face is beset with these lashing filaments, t() whos(‘ combined 
action its movements are due. Within the external sphere may 
generally be seen frcuu two to twenty othi'r gl()]a‘s, of a darker 
colour, and ot varying sizes; the smaller of these are attached 
to the inm^r surface of tin* investing spliere, and project into 

its cavity; hut the hirgttr lie freely within the eavity, and 

may oltim be oi»served to revolve liy the agency of their own 
flwjelUi. After a lime, the original spliere luirsts, and tlie cmi- 
taimKl spherules swim forth and speedily develojx* themselves 
into the likeness of tliat within which they have been evc»lv(‘d ; 
their coloured ]>arliel<‘s, which iin^ at first < 4 |osely aggregated 
together, being separated from ea<di other by the interjiosition of 
the transparent [»elliele. It was long sujiposed that the I'alctiy 

is a stayte Animal ; and it was first shown to be a coc<^>os//c 

fabric, made up of a repetition of organism^ in all resjasds similar 
to oacli other, by I*rof. Fhrmiberg ; ivho. however, considered these 
organisms as and deserilied them as each possessing a 

mouth, several shamudis, and an eve! Our presi'ut knowdedge 
of tlieir nature, however, leaves little do,ubt of their Vegetable 
churacUu’;* and the peculiarity of their hi.story remlers it desirable 
to doHcriUOt in some detail. 

2U7. Each of the so-calh‘d ‘monad-*’ (Plati' i\., figs. Ih IF 
somewhat flask-shaped Fiaut-cell, ah(»ut 1-dOOdth of an inch in 
diameter; eonsisting, as in the pnwdous instances, of green 
chlorophyll -granules diffused through a colourless proto}>lasm. 
constituting an * eiuloehrome' (which commonly includes also a red 
spot of altcreii chlorojdiyll) ; and liouuded by an ‘ eeiojilasm’ formeil 
of the condensed and colourle.ss Hurfaee-layer of the protoplasmic- 
mass. Jt is prolonged outwardly (or towards the circumference of 
the sphere) into a sort of colourless beak or proboscis, from which 
proceed two jUif/t lUi ftig. 11); ami it is invested by a pellucid or 
nyaUnc cnvelojx? (tig. ll, </) of consuLenible thickness, the liorders of 
Wnich are flattcmsl against those of idher similar envelojies (fig. 5, 
e, f), but which does not appear to have the tenacity of a true 

• Prof. Stoin, however, in tlio lawi-puhlished nort of his great work on the 
}tifa#Ohii Orgiuiisraus der Infusiousthierc,*' j\htheiluiig III., Leijizig, 
still ranks tbo ro/roerntf#* among the Flajjjellate auimiilculee, to which they 
imdcmht**dly show a rcmarkAble pamllelisin in gtructure^ the chief evidence 
of their Vegetable nature h ing in their pk^iioUtgU'al conformity to imdoubte^i 

Protophytes. 
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membrune. It is impOKsible not to reroguiBC tbe preciwe Bimiltmty 
between tbe structure of this kxly, and that of tbe motile * encysted’ 
cell of Profurotrni* plurfnli ft (Plate vrrr.» tl. k); there is not, in 
fact, any perceptible differt^nce between them, save that which 
arises from the rei^oilar a^^rej^tion, in ro/yo.i*, of the ('ells which 
normall}^ detach theiiiselves from one another in The 

presence of cellulose in the hyaline substance is not indicated, in 
the ordinary couditioTi of To/c/m* (fJohahir, by the iodine and snl- 
phiirio acid test, thon^di the use of ‘ Schultz’s sohition’ ^ivesto itu 
taint blni' tinge ; there can he no doubt of its existence, however, 
in the hyaline enve]o])e of Voirn.r ((tcroM 240). d’lie flagella and 
endoplasm, as iti the rnotih' huatis of i’rotococcus, are tinged of a 
deep brown by iodim', with the e\c(‘ption of one or two starch- 
])articles in eaeh eell. which ar<! turned blue; and wlieii tbe con- 
tents of tlie (;ell an* li})erated, l>lniMli floc<*u1i. aj)parontly indicative 
of the ])res(‘iUH* (>f eelluloKe, are brought iiito view by the action of 
stilplmrie at*id and iodine. All th(‘sc rca<*ti(nis an* characderiHiically 
Vr>l*^iiihlv in their nature. \Vh(*n tbe eeil is approaching maturity, 
its endojilasm always I'xhibits one or ihon* ‘vacuoles* (tig. 9, a o), 
of a H])m*ri('-al form, and usually about one-tldrd of its own dia- 
meter; and thesi* ‘ va<’noh*s’ fwliirb are tbe so-called ‘ stomachs’ of 
Prof. Khrenherg) liave bec'ii r>]>served by Mr. (i. Ihisk to undergo a 
very <*uriourt rhythmical <‘outra<*tion and dilatation at intervals of 
about to s(‘eomls; tbe eontraetion (which seems to amount to corn* 
plete obliteration of the eavitv of tin* vaeuole) taking-place rajndly 
or suddenly, wdiilst tin* dilatation is slow ami gradual. This curious 
action cease.s, however, as tin; (afll arriv(‘H at its full maturity;^ a 
eondition which st'ems to is* iiiarke<l by the great(*r consolidation of 
the ‘ I'ctojdasrn,’ by tlie removal or transformation of some of the 
('hlorophyll, and by tin* fonnation of tin* red spot (h), which 
obviously consists, as in Pratornrrm, of a p('(‘uliar modification of 
chIoro])hyll. 

2d8. Eafdi cell nonnally communicates with tbe cells in nearest 
proximity with it, by extensions of its fywii endo(dirome, which are 
sometimes single and sometimes double (fig. r>, />. h)\ and these 
connei'ting processes necessarily cross the lines of division ljt*twc(m 
their respective hyaline investments. 'I’he thickness of these pro- 
cesses varies very con.siderably ; for sfuaetiraes they are broa^l 
bands, and in other cases mere thremls ; whilst they arc occasionally 
wanting altogether. This difT(*ren(‘e SfM'ins partly to depend upon 
the age of the specimen, and partly upon the abundance of nutri- 
ment which it obtains; for, as w'e shall presently see, the connec- 
tion is most intimate at an early p<jriod, before the hyaline invest- 
raents of the cells have increased so much as to separate the masses 

• The f*xiBteiscc of rhythmicfifly contructiTig vac«ol(»s in VahuiT (though cou- 
firmed by the ohscrvntionfi (»f I’nif, Ktein) is dtuiied by Mr, Savillo Kent C‘Ma^ 
nual of the Infusorift,” p. 47); hnt it may be fairly presurnad that be ttfwi not 
looked for them at the stnge of development at which their action was wit- 
nessed by Mr. Busk. 
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of endoohrojue to a distanoe from one another (figs. 2, 3, 4) ; whilst 
in a mature individual, in which the separation has taken place to 
its full extimt, and the nutritive processes have become less active, 
the masses of endochrome very commonly assume an angular fonu, 
and the connecting processes are drawn-out into threads (as seen in 
% or they retain their globular fttrm, and the connecting pro- 
cesses altogether diHapp(*ar. 'Fhe intlucnce of re-agents, or the 
infiltration of waiter intxj the interior of the hyaline mvestineut, 
will sometimes cause the connecting proe^csses (as in Vridocoo'nii, 
§ 231) to be drawn ba<;k into the central mass of endoehromc; and 
they will also retn'at on the mere rujdiiro of tlie hyaline invest- 
ment: from tlu’se eireumst«n<M>K it may be inferred tliat ihcjy are 
not enclosed in any definite membrane. On the otht*r hamf, the 
connecting threa<ls are soineliim‘s seen as donbh‘ whhh seem 

like tubular prolongations of a e<tnsiNtent im'inbrane, v\dthout any 
protoplasmic grauiileH in tlieir interior. It is obv'ous, then, that an 
examination of a emisulerable number of speeimens, exhibiting 
various phases of eonformation, is mMessary to demi)nstrate tlu* 
nature of these eoinmimieatious ; but Ibis ma Y]>e l.»est made-out by 
attending the history of tluir develojanent, which wo shall now 
describe. 

239. The spherical body of the young (Plate ix., tig. 1) 

is composisl of an aggregation of NonH*what angular masses (►f 
endochrome (/>). s(‘parated by the intcrjio.sition of hyaline sub- 
siance; ami the whole seiems to !><* enclosed in a distinctly membra- 
nous envelojie, whieli is j>roba,blv the «liKtende<l hyaline investment 
of the ‘ primordial’ ladl, within whieli, as will ]>reKentlv appear, the 
entire aggregation originated. In the inidht of the i)olygonal 
masses of endochrome, one mass of), rather larirer than tiio rest, is 
HtHiU to present a eircular Idrm ; and this, as will presently appear, 
is the originating cell )f what i.s hereafter to become a new sphere. 
The growing Volro.v at first im reases in size, not only by the inter- 
position of new hYallm^ substiinci* Ix^tween its component masses 
of endochrome, but also by an increase in these masses themselves 
(fig. 2, u), which eome into eontiniious connection with eimh other 
by the coalescmiee of proees.ses (/>) which they severally put-forth ; 
at Idle same time an iiUTease is observed in the si^.e of the globular 
cdl (c), wbicb is ineliminarv to its binary subdivision. A more 
advanced stage of tin' same developmental process is seen in fig. 3 ; 
in which the conuwting proce-sses (o, o) are so much iucrcastd 
in size, as to establisli a most intimate unifui between the masses of 
endochrome, although the increase of the inter vening hyaline sub- 
stance carries these masses apart from one another; whilst the 
endochrome of the ceutml globular cell has undergone segmentation 
into two halves. In the stage rejm'sented in fig. 4. the masses of 
endochrome have l>eeii still more wiilely separated by the interposi- 
tion of hyaline substance ; each has bet'omc furnished with its pair 
of fiagella; and the globular cell has undergone a second seg- 
mentation. Finally, in fig. wliich ^'presents a |)ortion of the 
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wplierical wall of a mature Vulvox^ the emlochrorae-iua«8e8 are ol>- • 
served to preseut a more Bcattered a8])ect, paHly on account of their 
own reduction in size, and partly througn the interr> 08 jtion of a 
greatly-increaseil luuount of hyahne «abstauc«^ whicii i» Hecreted 
from the surface of each mass; and that j)ortioii which belong to 
♦;ac-h cell, standing to the endoehrome-maHH in the relation of the 
cellulose C(mt of an ordinary cell to its ectoi)laBin, is freiiuenUy seen 
to be marked-out from the rest l)y delicate lines of hexfigonal 
areolation (c, e), which iudicati* the boundaries^ of each. Of tliCBe 
it is often ditlicult to obtain a sight, u nice management of the light 
being usually requisite with fresh K|K‘(‘imeiis ; but the prolonged 
;u!tion of water (especially when it contains a trace of iodmc), or of 
glycerine, will oft^-n ))ring them into clear view, 'riie prolonged 
action of glveerinc, mon'over, will often show that the noundary 
lines are double, being fonue<l by the coalescence of two coutiguous 
cell-walls; and tlu'v sonieliiuos r<'lr<.*at Imm each other so far that 
the Ic'xagonal ar(‘ola^ beconn* rounded. As the primary sphere 
apj>roac}i<*s miit?irity, the large se(‘on<lary genn-inasK, or i/n/cro- 
whose origin has h(‘eu tra<*(^d Iroin the beginning, also 
advauees in devidopnu'iit ; its eoiiteuts laidergoiug multipliciitioii 
}>y successive Hegmentut ions, so that we hud it to cousist of 8, lt>, 
.‘>‘2, hi, and still more minierous divisions, as sluavn in tigs, d, 7, H. 
II]) to this stage, jit which tirsi the 8]>hen‘ a])])oars to become 
hollow, it is rotaiii'Ml within th(‘ hyaline envelojx* (;f the cell within 
whicli it has been |(ro<lueed ; a siniilar (‘nvelopc can be easily dis- 
tiuguish<‘d, as shown in tig. 10, just wlien tlie segineuttition has 
been conqjhdcd. and at llmt stag<‘ tbe flag(dla ]>ass into it, but do 
not extend la'yond it ; aial ev(;n in the lualnn,' lh/t>o,»‘ it Continues 
to form an investnieiit around the hyaiijie envelojx'S of the separate; 
cells, as showni in tig. 11. It seiMiis to be }>y the adhesion of the 
hyaline inva'Ktineiit of tlu‘ new Hjdune to that of the old, that the 
secondarv sphcj^* remains fora time iittaidi«*d k) tin* inknior wall 
of the prniiary ; at what exact period, or in what {>recise manner, 
the sejmration between tin* tw*o takes place, has not yet beendek^r- 
luined. At the time f)f the se}>aration, the developmental process 
has genenilly advanc«.*d as far as the stage r(‘preHentcd in fig. 1 ; 
the foundation of one or more tertiary H])her(‘s being usually distin- 
guishable in the enlargement of certain of its cells. 

The <lcv(‘lopinent ami s(\tliug-frec of these comjioHito 
‘ macro-gonidia,’ wfa(*h is essentially a ]»roceBs of cell-sn 1x1 i vi- 
sion or (jvuinilpfuuiHs cy(cnt<lnn (§ 22(i), is tin*- ordinary mo<,lc of 
multiplication in ; taking place at all times of the year, 

exempt when the Hr.nuti fjnn't'niioti (now to be describ(.Hl) lain pro- 
gress. dlie mode in which this process is here pcrform(4 (for our 
knowledge of whicli we are indebted to the i>ersevering investiga- 
tions of Prof. Cohn*) shows a great advance upon the »im[>le 

* The original observations of Cohn on the sexuality {if Volrox, pubH«h{*d in 
the “Ann, <h*s Bid. Kat,” 4ii*mo Bdr., Itotaii , Torn. v. p, 3*28, were 

coufimved by Mr. Carter, “ Ann. Knt. Hist,,” Jhd Sen, Vol. iii. (1863), p. 4, who 
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‘ conjugation ' of two Birailar cells (§ 229), and closely resembles tliat 
which prevails not only among the higher A/f/np, but (under some 
form or other) through a large part of the ('ryptogamie Reries. 
A» autumn tnlvances, the Vol vox-spheres uRually cease to multiply 
themselves by the formation of ‘ macro-gouidia and certain of their 
ordinary cells l>egin to un<iergt» changes by which they are converted, 
some into male or ‘ sperm-iadls,’ otlu'rs into female or ‘ gemi-cells," 
— the greater numher, however, namiining * sterile.’ Each sphen? 
of Volvo.*’ ffhtlutfor [ViiayiTisviv.cK, fig. 1 ) <*ontainK Ijoth kinds of sexual 
cells, so that this Hp(‘cieH ranks as nitnitrrinOH but T. o^/r^■c^■is ^bVr- 
ciotif*, the * Hrn*nn-r('lls ’ ami ‘ genn-<-e}lR ’ occurring in sej>arate 
spheres, Both kimls of ‘sexual’ et'lis are at first ilistinguisliabbi 
from the ordinary * sLo'ile' et*lls by their larger size (fig. 2, c), in this 
respect resemhliug ' inacro-gomdia’ in an early stage ; lait tlieir su)>- 
sequent history is altogether <lifrerent 'The ‘ spr/'/a-eells' liegin to 
undergo subdivision when thev attain ab<>nt thna' times the size r>f 
the * sterile ’ cells ; this, however, take.‘> ]>lae(‘ not on the ‘binary’ 
plan, bnt in such n. inanm*r that the endoebrome of the priuiary 
cell reBolv(‘s Itsell into a, ehister of very peculiar secondary cells 
(fig, 1, a, e‘, fig. o), 4*ac]i consisting r)f an (Mongated ‘ btxly’ eontein- 
ing an orange-('oloured (’inloclirome witli a red corpu.schn and of a 
long colon rlesH b(^ak. froTii tin* base of wliicli ]>rfH‘eed.s a pair of long 
flagella digs. t», 7). — as in th('‘a,nlberozoi<ls* of the higlu*r rryptogains 
(khg. IM. II). As the Kpenn-eells aporoaeli maturity, trie aggre- 
gate clusters may he seen to move within tlienuat first slowly, and 
afte'rwards more rapidly; the bundles then sejiarati* into their com- 
]K>uent ‘ antherozoids,’ svhieb show an active ind(‘]*eudeut inovemeul 
whilst Htill within the (‘avity ol the prinuirv <‘ell dig.l,o*b ; and finallv 
eHcape by the giving-way of its walU//^). ditVnsing tlnnnselves through 
the cavityof the Volvox-sphere. d’heyo'e/ -cells < Hg. 1 the other 

hand, continue to im’rease in size Avithout nndt'rgolng suh<li\*iRloJi ; 
at first showing large vacuoles iu their protoidasm {Ir, />^).but subse- 
queutly becoming tilh^d with dark-green ('ndochrome. d’he form of 
tno ‘ genn-oeir gradually ehanges from its original Hask-shape to the 
globular (^'^) i and it projects into the ca\*ity of thr* V’olvox-sphere, 
at the same time ac(|uiriug a gelatinous envelope. t)ver this the 
swarming antherozoiils ilift'use themselves (fig. 2>). pemdrating its sub- 
stance, 80 as to find their way to the interior; and in this situation 

rdi8ervt>d the srxii.d process iu /.Wereai also.» In tin* woll-kinorn form 
Pamiorina wu^rum, tijc y'-ucmtiA'c processi is p<Mi\>nncfi, ucrordiiig to the obfW‘r- 
vntioneof Friagsh(uni, rn a manner iMirionsly intcrmedi}i.te betwe<‘n the lower 
and the higher types referred to fthove. For Avithiii euch cell <»f the original 
sixtneu of which it.s nnillKiTV-likc mass is eomposeik a brood of sixteen 
Hcooadarv cells i» formetl l>y ordinary binary .snb<li vision ; and thcBC, when set 
free by the dissolution of their eontaininsr cell-A\ all, swim forth as ‘swftrm- 
each being furnish* si with a |v»ir of flngidhu Among the crowd of the«e 
#wiMt»-«pon*^s may be obserA’od some which approach in pairs, os if seeking one 
another; when they meet, their inunts at first ooiuc together, hut gradimUy 
their whole iKwiics coalesce ; and « glotuilar ‘xygospor**’ m thus formed, which 
gormiuates after a pt‘ri**d of rest, reprodneing by biinwy subdivision the original 
aixtoon-ceUeft multerry-like randvrina. (See Sachs’ •* Botany/* p. 2Fd). 
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they seem to diK»olvo-away, so as to bcoouio iucorjK)rat4>d witli tlio 
ontfochrome. The product of this fusion (which is only ‘coujugu- 
tiou* under another form) is a reproductive globule or 
which speedily becomes enveloped by an internal smooth mem' 
brane, and with a thicker exti'rual coat wdiich is usually Ixmet with 
#X)iiical-p(uiited processes (fig.4) ; and the coutaiued chlorophyll gives 
place, as in Pidmofjkm (§ 229), to starch and a rod or orange- 
coloured oil. Ah many os forty of hucIi ‘ ob-sporos ’ have been seen 
by Dr. Cohn in a single sphere of which tlius acipiircs the 

jHJCuliar apxx^arance that has been distitiguislied by fdirenberg by 
a ditferent specific name, Vulmy Soon aftt'r the ‘oo- 

spores ’ reach maturity, the pavi*iit/*splu're break n u]), and the 
<H>-HporeH fall to the bott/om, where they remain during the wfiiiter. 
Their further history has sinec^ been traced out by Kirchner ; who 
found that thifir gennination commen(‘ed in February with the 
liVieration of the sjdiorical ‘endospore’ from its eiivcloix’, and with 
its division into four eells by the fonnation of two jiartitiouH at 
right angles b> <»ne another. 'Fhese jiartiully seimrate, holding 
together only at one end, which br'comcjH om* pole of the globular 
cluster siibsequently foniic<l by c<*ll-multij>li(‘ation ; the other ])ole 
only closing-ill when a large number of (‘ells hav«* liecui forrrH3d. 
The cells are then carried ajiart from one another l)y the hyaline 
investment fonmnl by each ; and the characteristic Volvox-sphorc is 
thus coni]dete<l.* 

241. There are other points In the life-history of which 

must not be ]<‘ft without mention, altliongh their jirccise import is 
as yet uiicerbuu. Thus, according to Mr. (i. Jlusk (with whom 
Frof. Cohn is in lu'cord on this point), the body designatcjd by Froi. 

* Tlio doctrine uf i,hf nyeftihfe noiuvo of J'ohox, wliicli lnul l)<*cn snggcbt^^d 
])y Siehold. Bmuu, and oUi«*r<ionnHD NaturalistH, was first difitirictly enunciated 
by l^rof. Williiimsorj, on the bsisis of the history of its devtdojimmig in tin* 
“ Transact iouM of the Pliilosoxdiiral Society of Munchostor,” Vol. iv, 8«b- 
seqtiontlv Mr, O. Busk, whilst addnoitig additional ovidenco of tho Vegotahh* 
nature ol Volvox, in his extremely valuable Mj*nioir in the “ Transactionfi of 
the Micro.scopical S<>ciety,” N.S.,"Vol. p. .31, called in rpiestion some 

■of the views of Prof, Williamson, v.')ii<*h were justified by thot gentleman in 
his “Further Elucidations'' in the same “Transactions.*’' Tlie description 
alcove given by the Author, on the basis of the faets in which these excellent 
observers w<‘ro agn*ed (thfdr original differences having been in great degrt^e 
reconciled by their mutual admissiuns), is in entire harmony with the most 
rewnt a*:rmint of thismostiumrcsting organism given by Prof. Cohn (“Ueitrilge 
jcur Biologic der Pffunzim,’’ P»d. i., ileft 3, 187-5), to wliom we owe the discovejy 
of its gc*n<‘rative process. The observations of Dr. Kirclmer on its g<?nnjuation 
will be found in lid. iii. Reft 1 (1871)), of tho s-nne serial. — An extr*i»ely 
interesting Volvix-ine form described by Cohn under tho nanm Stephmo 9 f)h(t^ra 
pluvmli$ exhibits all the pheuoiuena of repro<lucliou by macro-ffonidia or com- 
posite raasses of aflluTent cells, by micro-fpmitUa or active zo(/sj>ore«, by ‘still* 
or iiPtto-«pore$^ and by od-sporfg produced by true sexual fiction, in a vt;ry clai- 
mcteristic manner ; and his account of its life-history should Ivj consulted by 
every one who desires to study that of any of tho Prubipbyto. “ Anm of 
Nat. Hist,*’ 2nd Sor., Vol. x. (18-52), pp. 321, 401, and “Quart# Jouni, td 
MkTos<*. Sci,*’ Vol. Vi. (18.5H), i>. 131, 

U 
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te (li jev^OjpmeBt $ its only marked feature of diimimilflrify 
tliat a la^e proportiou of the green oeEs, instead of being 
ebigle (as in the ordin^ form of Vohw) save where they are 
developing themselves into young spheres, are very commonly 
double, quadruple, or multiple; and the OToups of ciliated cells 
thus produced, insteaxl of constituting a hollow sphere, form by 
their aggregation discoid bodies, of which the separate fusiform cetfs 
are connected at one end, whilst at the other they are free, each being 
furnished with a single flagellum. These clusters separate them- 
selves from, the primary sphere, and swim forth freely, under the 
forms whicn have betm (fcKignated by Prof. Ehrenberg as Uvellu and 
Byneryptii.— Again, it has been noticed by Dr Hicks* that towards 
the end of the autumn, the bodies fonned by the binary subdivision 
of the single cells (jF Eo/r^.c, instead of forming spherical flagellated 
* maoro-gonidia ’ which tend to escape outwards, fonn clusters of 
irregular shape, each composed of an ind(‘finitc mass of gelatinous 
substance in which the green cells lie separately imb(‘d<led. '^rhese 
clustors, being withotit motion, may be termed hf(fi<hHi)otr$ ; and 
it is probable that tiny (‘onstitute one ol the foniis in which the 
existence of this organism is i)roi<)ng(*d through the ini or. 

242. Another phenomenon of a very remarkabh' nature, namely, 
the conversi(m of the contents ol an ordinary Vegetable cell into a 
free moving mass of ])rotoj)laMm that bears a strong resemblance 
to the animal Amtvhn (Fig. 28fl), is affinned by Dr. Hicks f to tak(‘ 
place in VoUuhw under < ircumstances that leave no reasonable 
ground for that doubt of its reality which has been raised in regard 
to the accounts of similar pbenoimma occurring elsewhere. The en- 
dochrome-maHH of om* of the ordinary c<‘lls increases to nearly 
double its usual ^ize; but instead of undergoing duplicative sub- 
division 80 as to pro<l( ce a * iiiucro-gonidium,' as in Fig. 142, b, it 
loses ith colour and its regularity of form, and becomes an irregu- 
lar mass of cohmrlcss protoplasm, conbiining a uunil>er of brown 
or reddish-brown granules (n, o). and capable of altering it.s form 
by protruding or retracting nii} portion of its membranous wall, 
exactly like a true lly this self-moving power, each of 

the»e iKxlit's, c, c (of which twenty ma> Boiuotimes be counted 
witliin a single Volvox) glides independently over the inner surface 
of the sphere among its uiichangt'd green ct'lls, bending itsell 
round any one of thf‘se with whi('h it may come into contact, pre- 
oiaely after the manner of an Amoba. Aftt»r the ‘ amaiboid * nas 
begun to travel, it is always noticed that for over) such moving 
liody in the thert> is th(‘ empty space of a iiiisHing ceU ; and 

this conBrms the belief — foundtsl on observation of the gradational 
transition from the one condition to the other, and on the difficult)' 
of supposing that any such bodies could have entc'red the sphere 

• ** Qwurt. Joum. of Miemso. fioienee,*’ N.S., V(»l i. (ISIJl), p. 281. 

f ** TmtiB. of Microac. Socipty/ Vol, viii. (I860), p, and ** Quart 
«TcHim« cf li^croBo. Science,’^ Vol, ii. (1862), p. iMJ. 
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from the ^amoeboid * k really the furodnot 

0f the metimorphosis of a mass of Vegetable protoplasm. Thii 

Fio.142. 



l'\)niiation rif Aiiurhoid bodies in Volro^r ' — o, ordinary rells 
l^awsing into ihrt ama'boid condition ; i», ordinary mncro-gonidium; 
e, c, free anioiboida. 

mctamor})hosi8 may tiiko place, according to Dr. HickH, even after 
the procoHs of binary sululiviHion has commenced. What is the 
H\il>Hequcnt destination of these Aiinnhoid bodies, has not yet been 
ascertained.^ 

243. With the two Protophytx^s just describeil may be ranked 
under the geiUTal designation PahnHlan'fp a number of others 
scarcely 1(;hh sim[)le in their essential characters, but Bomotimes 
attaining consid(‘rable dimensionH. They all grow either on damp 
surfaces, or in fresh or salt water; and they may either form (1) a 
mere powdery layer, of which the component particles have little or 
no adhesion to each other, or they may present themselves (2) in 
the condition of an indeftuitei slimy film, or (3) in that of a tolerably 
firm and definitely Ixiunded raembranous ‘ frond.’- The^r^?^ of these 
states we have aoen to be characteristic of Pfihnoglrr>(i and Proto- 
eorrAtfi ; the new colls, which are originated by the process of binary 
suMivision, usually separating from each other after a short time; 
and, even where they remain in cohesion, not forming a ‘frond ’ or 
membranous expansion. The ‘ red snow,* which sometimes colours 
extensive tracts in Arctic or Alpine regions, penetrating eve»^ 
the depth of several feet, and vegetating actively at a temperature 
which reduces most plants to a state of toipor, is generally con- 
sidered to be a species of Protocdccus ; but as its cells are connected 
by a tolerably firm gelatinous investment, it would ratber seem to 

• A similar prodnetiou of ‘ammboids’ has beeu observed by Mr. Arclier in 
plurintU ; and is scarcely now to be consid(;r«d an exceptional 

pbenomenon. 
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be a Palmella. — 'flie second is the condition of the Pahriellii, proper; 
of which one species, the P. cruenfn, usually known under the name 
of ‘ gory dew,* is common on damp walls and in shady places, some* 
times extending itMelf over a considerable area as a tough gelatinous 
mass, of the colour and general appearance of coagulated blood. A 
characteristic ilhistration of it is also afforded hy the Heematocoerns 
sampiinniH (Fig. 1 which chiefly differs from PaJmella in the 
partial ivcrHistence of the walls of the parent-cells, so that the w hole 

Fk». m:j. 



m,ux various stiigcs of (U*volo]iiu<*iit ; — <f, Niogle 
rolls, ''iirlov'd ill tlirir mucous ouvoloja* ; 6, c, clnstri furuu d b> sub- 
divisliui i)f )>iu'«‘m-cc]l ; </, luoro niunerousclusUT, its rompoucui cells 
-ijrv various ^tagl's i»f di vision ; c, largo mass of young evils, fonned by 
the Milviivisioii of the iiarent endoebrome, and enclosed Avithvn a 
cumtnon Tnuci>us envelope. 

maSB is sulHlividisl by partitions, wdiich enclose a larger or .smaller 
number of cells originating in the sulxli vision of their content®. 
JIe»ideiJ increasing in the ordinary mode of binary nmltiivlication, 
the PalraeUa-cells sc'ein occasionally to rupture and dimise their 
granular contents through the gelatinous stratum, and thus to give 
i>riain to a whole cluster at once, as seen at e, after the manner of 
offler ftimplo Plants to be presently descril)e<l (§ ^45), save that 
these minute eegmeuts of the endochrume, having no power of spon- 
taneous motion, cannot be ranked aa ‘ rAnisjxires.’ The gelatinons 
maasea of tho Palmellae are fr^uently found Uy contain parasitic 
growths formed by the extension of otlier plants through their 
substance; but numerous branched filaments sometimes present 
thems^es, which, Wing traceable into absolute continuity with 
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the celU, must be considered , as propi’rl)^ api>crtaiumg to them. 
Bometimes these filaments radiate in various dinx'tions from a 
single central cell, and must at first be conaidere<l us mere erten* 
sions of this ; their extremities dilate, lujwever, inbi new cells \ and 
when these are fully formed, the tubular <‘(H)neetionH <‘loso np, and 
the cells become detached from each other.* Of the ihird conuition, 
wo have an example in the curious V<ditUHlU'f[ji»t descrilKMl by 
Kiitzing; the frond of which appears to the naked eye like a 
delicate network consisting of anastomosing briuichc‘s, each com- 
poscil of a single or double row of large vesicles, within every one 
of which is ju-oduced a pair of elliptical cellules that ultimately 
escaj>e as ‘ zoosiiorcH.’ 'Hie alh*ruation betweem the ‘ motile ’form 
au<l the ‘still’ or resting form, wliifdi has ])een described as 
occurriug in Profnrocrutt (§ ^-U), has been ol>serv<*d in several other 
forms of this group; and it H<^ems obviously iiitended, likti the 
produetion of ‘ zoospores.’ b> secure the dispersion of the plant, 
ami to prev«*nt it from choking itself by ovi'rgrowtli iu any om* 
locality. "~It is very commonly by tdants of this group, that tin* 
Algal j)ortious of /y/c/e a.*.' arc formed d*Jlo), 

‘dll'. Notwithstanding the viTy dciinib^ f(>rm and large Hiz»'! 
iittained by the fronds or leafy expansions of Ihe rir(tr*‘<(’, tx) whieh 
group )a*l(>ng the grasH-gn;eii Sea-wcerls (or ‘ laviTs ') found on 
every <'oast, y(*t their essential structure iliHers but v(!ry little from 
that of the preceding group; and tin* priucipii! fulvance is shown in 
this, that the eolls, wlnui multiplied by binary subdivision, not only 
remain in linn e,oune('Aion with eaeli otliev, but poHsess a very 
regular amiugem*‘ut (iu virtue of the determinate plan on which 
the subdivision takes phiee), and form a dcbniti! iiicrubranous 
expansion, ’fhe mode in wbieb this froml is prmlucod may b(5 best 
uiider.Hl ood by studying th(‘ bi.sb>ry of its (hwelopment, some of the 
]»rineipal pliases of whicli an^ seen in Fig. Iff; for the is olattnl cells 
(a), ill whieh it originates, resembling in all points tliosi? of a 
l*t\)iori>ci'vs, give rise by their siiecessive sufsli visions in dehsrini- 
nate directions, to such regular clusters as those seen at n and c, 
or to HU(*h (’onverfoid filaments as that shown at n. A (joutiniia- 
tion of the same regular mode of Hnbdi\'iHion, taking place alter- 
nately in two directions, may at once extend the cluster-s n and <* 
into leaf-like expan sion.s ; or, if the filamentous stage bo jiassed 
through (diffi.'rent Hj)ecieH presenting variations in the history of 
th(*ir development), the filament increasf^K in lueadth as well as in 
length (as seen atE), and finally becomes such a* Frond’ as is shown 
at F, G. In the simple raeinluanous expansion, or thallus, thus 
formed, there is no approach to a differentiation of parts by even 
the semblance of a formation of root, slmii, and leaf, such the 
higher Algm present ; every portion is the <‘xact counterpart of 
every other ; and every portion seems to take an e(pjal share in the 

* This fact, first mads public by Mr. Thwait(*fi (“ Ann. (ff Xat. Hist.,” 2n<l 
Serk*^, VoL ii., 1H48, p. 313), is ono of fundarn<*utal iiri|H>rUinf’e in tt»o determi* 
jufttiou of the real character of this group. 
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operation« of growth reproduction. Each cell i» very coiur 
Hionly foiirul to exhibit an imperfect partitioning into four parts. 

Fio. 144, ,, preparatory to muitipli- 
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preparatory to multipli- 
cation by double subdi- 
vieion; and the entire 
frond usually shows tht* 
groups of cells iirrangtKl 
m clusters coutaininj^^ 
some multiple of four. 

24*5. Besides this con- 
tinuous increase of the 
individual frond, how- 
ever, w(' find in most 
species of IHvff a provi- 
sion for exUmding th*‘ 
plant l)j the (lisjxjrsion 
of * zoosfxires for the 
endrochruine (Fig. 145. 
u) subdivides inti) uu- 
merous segments (as ut 
f/ and c), which at .first 
are seen to lie in closr 
c'ontact within the wdl 
that contains them, then 
begin to exhibit a kind 
(»f restless motitm, and 
at last pass - forth 
through an apeidure in 
the. ctdl - wall, ai^quire 
lour or more tlagella (d). 
and swim freely tlirough 
the water for some time. 
At last, however, they 
come to rest., attach 
thcmselv('s to some fixed 


Su<w.s«iv,. ^Us,.s of U<,v. loi.m..ut of rir„. tUcmsolvcs to K.'mft fixed 
|>oint, and lu^in to grt»w into clusters or filaments (c), in the 
manner alreaiiy described. The walls of the cells wliich have 
thua discharge^! their endochrome, remain aa colourless spots on 
the frond; sometimes thc.se are intermingled with the iiortions 
still vegetating in the usual mode ; but sometimes the whole en- 


dochroino of one jiortiou of the frond may thus escape in the form 
of oodapores, thus leaving Imhind it nothing but a white flaccid 
mombrane. If the Microscojiist who meets with a frond of an 
trim in this condition should examine the bne of separation 
between its green and its coloured pcirtions. he may not improbably 
meet with ctdls in the very act of discharging their zoospores, 
which * swarm* around their points of exit veiy' much in the manner 
that Animalcules are often seen to do around particular spot* of 
the field of view, and which might easily be taken for true Infusoria; 
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but on carrying hi« obBcrvations further, ho would see that ttimilav 
bodies are moving wUkhi cdls a little more r<‘moio from the 


Fio. 145. 



FnrinJitinn <’f /Corispni'-s in fjh/oiitm ((Uvii lalisMiiwa) : — 

<7, portion of tUo ordimu'y frond: />, in which the emluohromo is 
ly'ginning to hroak up into Hcgnionts; r, ocUh from tho boimdary Ix'- 
twcH'U the coloured and colourless portions, some of them containing 
suK)Spor*'S, oth‘’TS being empty ; d, flagellated zodKporoH, aw in activtj 
motion ; (, subseijuout dovclopimmt of tin; zohripores, 

dividing line, and that, a little farther ntill, they are obviously bt«t 
masKes of endoehrome in the act <d HubdiviHion.* -Of the true 
(lenerative process in the Ulcucvw^ nothing whatever is known. 

‘246. ^’lie OHrUlaiurumai constituti*. an oilier tribe of I^rotophytes 
of great interest to the Microscopist, on account both of the ex- 
treme simplicity of their structure, and of the peculiar Animab 
like movements which they exhibit. They are eoiitinucms tubular 
filaments, formed by tho elongation of their primordial c^Uk, 
usually lying together in bundles or in strata, sometimes quite free, 
and sometiraofl invested by gelatinous sheaths, d’ho cellulose en- 
velope (Fig. 146, A, a, <i) usually exhibits sornf? degree of transverse 
striation, as if the tube were undergoing division into cella; but 
this division is never perfected by the formation of complete parti- 
tions, though the endoehrome shows a disposition separate into 
regular segments (b, o), esj)ecially when treati^d with re-ageiit«. 

* Such an observation the Author had tho good fortune t/» make in tho year 
1842, when tho omifision of st^ibsporcs from tho rUmr/'fe, although it had 
lieen doecribed by tljio Swedish Algologist Agardh, hiwl not been «oen (ho 
believes) by any UrUish naturalist. 
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According to Dr. F. d’Alqtxen,* each filament — at least in cert^n 
Kj>ecies - "has an axis of ditferent composition from the Burrounding- 
endochrome; being solid, highly refractive, but slightly affected 
by iodine, and nearly colourless, when moist, though slightly 
grc^enish when dry. And ho gives reasons for the belief that it ik 
in this (protoplasmic ?) axis that the pwiiliar motor power of the 
tilament s[>ociallv, if not exclusively, reside.^. The filaments ulti- 
mately break upintf) distinct joints ; the fragments of cndochrome. 
which arf‘ to be njgarded as rjimidin, usually escaping from their 
sheaths, and giving origin to new lilaments. — ^'niose Plants art* 
commonly uF some shmle of green, often mingled, however, with 
blue; but not iin frequently they art^ of 
a purplish hue. ami are HOimdimes so dark 
when in ma.ss to seem nearly black. 
'rhey occur not only in fresh. vsUvgnant, 
))njckish, and salt waters (certain species 
being {)eeuliar to each), ]>nt also in mud. 
on wet Htom‘s. oroii damp ground. Their 
movements are described by Dr. llcirveyt 
of three kinds; first, a pendulum-liko 
movement from side to side, performed 
by one end, w’hilst the oilier remains fixed 
s<» as to form a sort of pivot ; second, n 
mo\ement of llexun* (*l tin* filament itself, 
the oscillating exiremiU Ix'nding over, first 
lo orn* si<le and then to the otlier, like tin* 
head of a worm or (aiterfullar seeking' 
something on its line of mari h; and third, 
a simple oiuvurd movement of progroBsion, 
“ The whole ])hein)im*Tion,‘’ continues Dr. 
H., “may y)erhapK be resolved into a 
.spiral (mward movement of tin* filament. 
If a piece of the stratum of an ( hcllhtioruf 
be jdaced in a vessel of w'at<‘r. and allowe<l 
to remain there for sonu* hours, its tslge 
wall first become fringisl wdth filaments, 
radiating as from a ecmtral point, with 
their tij>8 outwards. I’hcse filaments, by 
their constant oscillatory movements, are 
(‘ontinually loosened from their hold on 
the stratum, east into the w'ater, and at 
the same time pro]>ell(Nl forward ; and as 
the oscillation continues aftt'r the filament has left its nest, the 
little Bwimmer gradually moves along, till it not only reaches the 
etlge of the vessel, but often — iis if in the attempt to esciipe confine- 
ment — continues its voyage nj) the sidc.s, till it is stopped by drj - 
Thus in a very short time a small piece of Oscillatoria will 

• Quart. ,Touni. of Miorosc. Soience,'* Vok iv*. (IS^O), p. 21e. 
t •'Mmiual of Jpritish Marine Alga*,’’ {>. 220, 



Stmetun' of (tst'illutonn 
: — A. portion of a 
filftmeutsliovviug tlie ulriji- 
ttous eu tlio collulost -eout, 
ft, r», when* Uio endiu hronji' 
iH wanting; n, portnui of 
tilament tn-.'itml with M'oak 
syrup, showing a tlisposi- 
tion to ft regulHF biviiknig- 
upof the eiuioehromn into 
musses; r, portion of fila- 
ment wnth strong 

HoUltinn of ehloride of ml- 
elttilg showing ft moio ad- 
yimotd stage of the .samo 
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spread itstilf over a large vessel of water/’ Tliis rhythmical movtv 
uient, impelling the filaments in an iindeviating onward course, itl 
greatly mliueuced by temperature and light, being much more 
active in warmth and sunshine than in cold and shade ; and it is 
checked by any strong chemical agents, — The true (leneration of 
Omlkiioriacetji as as yet eom 2 )lctely unknown. 

247. Nearly allieii to the j)rcccding is the little tribe of 
fiichfcecv ; which consists of distinctly-headc^i filaments, lying in 
firmly “gelatinous fronds of definite outline (Fig. 147). The fila- 


ments Jirc usually simple, tliough sonie- 
times branched; and are Jilmost al- 
ways curvCfl or twisted, often taking 
a spiral direction. The masses of jelly 
in which they are imbedded are some- 
tinaes globular or nearly so. and sonu*- 
times extend in more or less regular 
branches ; they frequently attain a 
very eoiisiderabli‘ and as they oe- 
<'aHionally present theimudves (juite 
suddenly ((‘sjMMually in Die latter part 
of autumn, on damp gardtyi-wiuks), 
tliey liav(‘ reeeived Die name of ‘ fallen 
stars.' 'I'liey are not Jilways s'") .sud- 
denly prod need, li()W(‘ver, as they ap- 
pear to be; tor Diey shrink up into 
mere films in dry weather, and (*\'pau<l 
again with the first si lower.* No.stocs 
multiply, like the Oscillatoriacea*, by 
the suhdivi.sion of tlieir filaments, por- 
tions of wliich esca])e from the g(‘lati- 
nous mass wlnTi’inthey w'erc imbedded. 


Fig. lir. 



and movc^ slowly through the water 

in tlie direction of their length: after of p-lntin<»u.s frond 

a time they cease to imwe, and a new 

gelatinous envelope is formed arouml each ]»ii‘(‘e, which then begins 
not only to increasi^ in length ]>y the. trausv<‘rse HuhdiviKion of its 
segments, hut also to double itself by longitudinal fission, ho 
that eac]^ filammit splits lengthway.s (as it were) into two new 
ones. By the repetition of tluH process a inasH of new filaments 
is jiroduced, the parts of which arc at first confused, but after- 
wards b(‘Coine more flistinctly 8e])arated by the inter] josition of 
the gelatinous substance developed between tlumi. — Ihisides the 
ordinary cidls of the beaded filaments, two other kiiuls are occa- 
sionally ob.sorvable ; but it ha« not yet been ascertained whether 
these are in any way 8ubs(‘rvient to the true Generative act, 

24B. Although many of the plants belonging to the Family 
Sii>hma<evm attain a con.siderable size, and resemble the higher 


• See Hirks in “ Quart. Journ. of Microsc. Feu-uf*'*,” N.S , V<*1 i. (ItWJl), 
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weeds in their g43ueral mode of growth, yet they retmn a simplieity 
of structure so extreme that it apparently requires them to be 
ranked among the Protophytes. They are inhabitants both of 
fresh-water and of the sea ; and consist of very large tubular cells, 
which commonly extend themselves into branches, so as to form 
an arborescent frond. These branches, however, arc seldom sepa- 
rated from the stem by any intervening partition ; but the whole 
frond is comjKised of a simple continuous tube, the entire contents 
of which nmy be remlily prcssed-out through an orifice made by 
wounding any part of the wall. 'I’he Vauch^ria, naiae<l after the 
Oenevese botanist by whom the fresh-water Confervio wore first 
carefully studied, may be selected as a particularly good illustra- 
faon of this family ; its history having been pretty coinpletoly made 
out. Most of its NpecioH are mhabitaiits of fresh water ; but some 
are marine ; and they eoinniouly prch^uit ihonistdveH iu the form of 
cushion-like masBcs, (‘oiupoHcd of irregularly brauching filaments, 
which, although tliey remain distinct, are densely tufted together 
and variously interwoven. — 'Hu* formation of motile yoindut or 
• zoospores ’ may be r(‘adilv o})served iu these ])laiits, the whole 
process usually occupying but a very short time, d’he extremity 
of one of the filanient.s usually swells up iu the form of a club, and 
the endochrome aocumiilatos in it s?) as to give it a darker hue 
than the rest; a stiparatiou of this part from the remainder of the 
filament, by the interposition of a transparent s])aet\ is next seen ; 
anew envolopt* is thou formed around the mass thus cut off; and 
at lost the m<nuhrauou8 ^tall of the investing tube gives way, and 
the* atodspo re’ escapes, not, however, until it has undergone marke^l 
changes of form, and exhibited curious movements. Its motions 
mmtinue for some time after its eHe4ij)e, and are then plainly seen 
to be due to tlu* jmtion of the eUia with wliitdi its whole surface is 
clothed. If it In* placed in water in which some carmine or indigo 
has been nibK*d, the coloured granules are seen to be driven in 
Htich a manner as P> show that a powerful current is }>roduced by 
their projuilsive action, and a long track is left behind it. AVheu 
it merits with an ob.stacle, the ciliary action not being aiTcsUul, the 
zoospore is flattened against the object ; and it may thus 1x3 com- 
pressed, even to the extent of causing it.s endochr»)me to be dis- 
charged. Ihe cilia are best seen when their movements have been 
retarded or entirely arresU^d by means of opium, iodine,’ or other 
chemical re-agent«. dhe motion of the spore continues for about 
two hours ; but after the lapse of that time it soon comes to an end, 
and the spore begins to develope itself into a new plant. It has 
been observed by Unger, that the escape of the zoospores ^neraJly 
take# place towards 8 a.m.; to watch this phenomenon, tiierefore, 
^ plant thonld be gathered the day before, and its tufts examined 
aoxly in the morning. It is stated by Dr. Hassall, that he has seen 
llie mme filament give oft’ two or three zcmsjiores successively. 

2#. Eecent discoveries have shown that there exists in this 
humble plant a true process of sexual Generation, as was, indeed, 
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Vauclier, though upou uo sufficient groundH. 
The brancl^g filaments are often seen to hear at their sides 
peculiar globular or oval cap. 


I cap. 

sular protuberances, some- 


Fig. 148. 


projections, which, 
being usually poiutef 


times separated by the inter- 
position of a stalk, which are 
filled with dark oudochrome ; 
and these give exit to ]argc‘ 
bodies covered with a firm 
envelope, from which, after 
a time, new plants arise. In 
the immediate neighbour- 
hood of these ‘eapsides’ are 
always found ct^rtain other 
from 

„ , and 

somewhat curved, havebetm 
named * horns’ (Fig. 148 , a. 
n) ; and lh(*se have Ikhui 
shown by Pringslieini to be 
‘ antheridia,’ which pnKluce, 

* autherozoids’ in their inte- 
rior; whilst the ca[)HuleH (a. 

/>) are ‘ (idgonia,’ eiu.*h con- 
taining a mass of en do- 
chrome which <‘-onstituteH a 

* germ-cell ’ that is <leHti«ed 
to become, when fertilized, 
the jirimordial cell of a new 
generation. The antherozohls 
(b. c, J), w'hen sot free I’roin 
the autheridium o, swarm 
oyer the cxb^rior of the oogo- 
nium A, andhav(? actually been 
seen to i>enetrate its {'avity 
through an a])erturo which 
opportunely forms in its 
w^,and to comeiiito contact 
with the surface of its eudo- 
ohrome - mass, over which 
they diffuse themselves’ Vanch*'.ria He-nsUis : — ttt A are seen oji« ot 
there they seem to tmderiTo Jho ‘ honia’ or Auih«riaia («) and one of the 
‘“ion their substance 

ininglmg itseit with that of antherozoids (c), of wfjiirh many enter 
the germ-c^U ; and the endo- opening at the apex of the capsule, whilst 
plasm of the * oospore’ thus others (<n which do not enter it, di^lay 
formed, which bail previously their flagella when they l)ecome j 

at c the onfico of the capsule 18 dosed again 
no proper mvestruent of its the fonaation of a proper coat Awnm its 
own, soon begins to form an endochrome, thus constituting an oospore. 
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L‘WV4}lope (c, h)t wbicli increases in thickness and strength, until it 
has acquir^ snch a density as enables it to afford a firm protection 
bo its contents. 

*250. The Microscopist who wishes to study the development of 
’ isoospores,’ as well as several other phenomena of this low type of 
vegetation, may advantageously have rec*.ourHe to the little plant 
termed Achlya jivol If ( ra^ which grows parasitically ujwjn the bodies 
fd dead Flies lying in the watt‘r, but also not unireciueiitly attaches 
itself to the gills of Fish, and is occasionally found on the bodies 
r>f Frogs.* Its tufts are distinguishabU* by the iiake<l eye as 
cliist(‘rs of minute (^ulourlesH filaments ; and these are found, when 
ifxamined by the microscope, to be long tubes. (b‘void of all parti- 
tions, extending themsfdves in various dinrtioijs. 'Phe tubes con- 
tain a colourless slightly-grannlar proto[)hisin. the; particles of 
which are seen to move slowly in streams along the walls, as in 
(Imra, the eun*ents oecasionally unastomosiiig with each other 
(Fig. 141b ( ). Within about thirty-six hours after the first appear- 
ance of the jmrfisite on any hoily, the protojdasm begins to accu- 
mulate ill the <Lilated (uids of the tilaments, each of which is cut oft' 
from th(* remainder by the formation of a partition ; and within 
this dilated cell the numunent of tin* protoplasm continues for a 
time to he distinguishable. Very speedily, however, its endoplasm 
shows the appearance of being broken up into a large number of 
distinct masses, which are at first in close contact with ear h other, 
aud with the walls of the c*ell (Fig. l-Pd, \), Init wliich gradually 
become more isolated, each seeming to aiMpiire a proncr (‘oll-wall ; 
they then begin to move about within tin* parent^s-li ; and, when 
• juito mature, they are set free hy the rupture of its wall (a)» to go 
l\>i*th and form new attachm(*uts, and to dev(*lope themselves inh^ 
tubifonn eells resembling those from which they sj)raug. Fla<'h <d‘ 
these ‘motile gonidhr is possessed of two flagella; their move- 
ments are not so powerful as those of the zoosj)ores of Vaucheria. 
and come to an end sooner. Tin* (Jeuerative process in this 
type is ]>erformed in a manner that may be n^gardt*^! as an advance 
u|>ou oi^uary conjugation. The end (d' one of the long tubifonn 
cells enlarges into a globular dilatation, tin* cavity of which be- 
comes shut off by^ a transverse partition. Its contained endo- 
phism divides into two, three, or fmir segmentM.cach of which takes 
a globular form, and is then fertili7.c<i by the penetration of an 
antheridial tnlx^ which comes off from the filament a Utile below 
the J audition .f The ‘ oospores’ thus ]>roduced, escaping from the 
globular cavities, acquire firm envelopes, and may remain un- 
changed for a long time i*veu in water, when no appropriate nidM 

* Thi« riant, though, ns an inhabitant of water, fontuniy rank^Ml among sf/p«r, 
hfi i«>w mow generally reganlod us Va’longing t*) the gi ojip of on account 

of its incaj^ity for the production of chlorophyll, and its rtaraKitisni mi the 
bodioK of AniiuAln, frmn whose juices its colls He^>m to draw tuoir nourishment. 

i Bco l*rof. Sachs’s “ Text-ltook of Rotany” (tran«ilated by A. W. llounett), 

p. 
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exists for them; but will quickly germiuab* if a vloa^l Inject 
other suitable object be throwu-iu. 


Fig. 149. 



Di (if A<'UI{jh jtntH/irn : — A, cx- 

tivinity of a filariu‘ut6, fi('^»ar.vtc(l thi* rest by 
a puilitina ami coritainnijj^ fTonidhi in j>rogrhg» of 
formation; — ii, coiu*epta<'lc dim:harj>jing itHrlf, ami 
gouidut, a, 6, c;~-c, portion •)! lilament, 

Mhowiug the <*our8c of tho cinnilatiun of granular 
protoplasm. 

2ol. Oue of the most curious foniis of this group is the Jlt/dro- 
(hefuotf 'iifrirahitnin^ which is found in fresh- water pools in the 
miamnj and southern counties of England. Its frond consists of 
a green open network <»1 filaments, acquiring, when full grown, a 
length of from tour to six inches, and composed of a vast number 
of cylindrical tubular ceUs, which attain the length of four lines or 
more, and adhere to each other by their rounded <*xtreniitie8, the 
points of junction corresponding to the knots or iiitej^sections of 
the^netwtirk. Each of these cells may form within itself an 
enormous multitude (from 7,0(K) to 20,0iX)) of ‘ swarm-spores/ 
which, at a certain stage of their development, are observed in 
active motion in its interior; but of which clusters arc afterwards 
formed by their mutual adhesion, that are set-free by the dissolution 
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of thoir eJ3veloi>e8, each cltister, or ‘ macro-goiiidium/ giving 
orima to a new plant-net. Beeides these bodies, however, certain 
oelfe produce from JK),000 to 100,000 ‘ micro-gonidia ’ of longer 
shape, each furnished with four long flagella and a red spot ; these 
^cape from the cell in a swarm, move freely in the water for some 
time, and then come to rest and sink to th<? bottom, where they 
remain heaped in green masses. It appears from the observations 
of Fringsheim,* that they become surrounded with a Arm cellu- 
lose envelope, and may remain for a considerable lerigtli of time in 
a dormant condition, in wliich they are knowui as * statospores ;* 
and that in this state they are able to endure being complet<dy 
dried-up without the loss of their vitalit^f. j)rovided that they are 
swluded from the, action of Tiight, which causoH them to w'itlier and 
flic. In this state they bear a strong reHcmblaiice to the cells of 
The first ('liange that nianifcsts itself in them is a 
simple enlargement; next, the endochrome divides itst'lf succeHsively 
into distinct masses, usually from two to five in number ; and these, 
when set free by the giving-way of the enveloping membrane, pre- 
sent the charact(Ts of ordinary * zo()sjX)res,’ each of them possessing 
one or two flagella at its anterior setni-tnxn8])arent extremity. 
Their motile condition, however, does not last long, often giving 
place to the motionless stage before tlu^y have quite freed them- 
selves from the ])areiit-cell ; they then project long angular pro- 
cesses, so as to assume the fonu of irregular }K)lyht‘<lra, at the 
aamo time augmenting in size; and the endochrome contained 
within each of these breaks-up into a multitude of goniclia, which 
are at first <piite iiide2)endent and move activ(*ly within the cell- 
cavity, but soon unite into a network that ]>cc<)mes invested with a 
gelatinous onvelopo, and speedily iniTeast’s so much in size as to 
rupture the containing cell-wall, on escajnng from which it jircsents 
all tlie essential characters of a young Jl i/drodicitfini. Thus, 
whilst this plant multijdies itself by ‘ mat'ro-gonidia^ during the 
t)eriod^ of its nu)Kt active vegetation, tliis method of multijdication 
by * micro-gonidia* ajn^ears destined to seeurc its peiqxduntion under 
conations that would be fatal to it in its 2 >erteet ionn. — The 
rapidity of the grtiwth of this curious organism is not on(^ of the 
least remarkable parts of its history. The individual cells of 
which the net is comjxjsed, at the time of their emersion a/S 
*g(midla,' measure no more than 1 -2500th of an inch in len^h; 
but in the course of a few hours, they grow to a length of from 
1.12th to l-3rd t^f an inch. — Nothing has been as yet ascertained 
restKioting the sexual Generation of this type. 

252. Almost every pond and ditch contiiins some members of 
the Family Coufn'm-c^^iV ; but they are es|)ecially abundant in 
moying waw ; and they constitute the greater part of those gjreen 
throoda which ore to be seen attached to stones, with their free ^ds 
fltMiding in the direction of the current, in every running stream, 
and upon almost every part of the sea-shore, and which are com- 
ofMicrosc. Science,” K.S., VoL ii. 104. 
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mouly known under the name of * Hilk-wcedw/ or * crow-silk/ Their 
form is usually very regular, each thread being a long cylinder 
made-up by the union of a single file of shoH c^dinchical cells 
united to each other by their ntittened extremities ; 8ometime« 
these threads give-off lateral branches, which have the same struc- 
ture. The endochrome, though usually green, is ot^ciasionally of 
a brown or purple hue ; it is sometimes distributed uniformly 
tliroughout the cell (as in Fig. 150), whilst in otlu'r iustanees it is 


arranged in a pattern of some 
kind, as a network or spiral ; but 
this may be only a transitory stage 
in its development. The jdants of 
this family are extremely favour- 
able subjects for the study of the 
method of ca'll-multiplication by 
Innary Kuhdirlsifnt. This j»roceHS 
usually tiikes ]>lace only in the fnr- 
/nlual cell ; and it may lx* almo.st 
always observed there in soim^ one 
<»f its stages. ^Phe first step is 
seen to Ik; the subdivision of the 
endochrome. ami the inflexion of 
the <'ctoplasm aronn<l it ( I'hg. 1 5< 

A. a) ; and thus there is gradu- 
*illy formed a sort of liour-glass 
eontnudion a^'ross the cavity of 
the parent-cell, by which it is di- 
vid(3d intf) two equal halves (n). 
Tdu* two surfaces of the infolded 
utricle produC/C a double layer of 
cellu 1 ose - in e rn b r an ( ; bet wee 1 1 th em ; 


rid. IfHt 



this is not confined, however, to Prf»<M*Bs c(‘ll-mnUii)]icat.i(»a iu 
the contiguous surfaces of the 
.vou„, «,iis but oxtcn-iH ov..r tuu 

whole oi thd ir cxtcnoi , so that the puratiou completed, a new colluloee 
new septum becomes continuous partition Ix-iug ff»rraed at n ; c, forma- 
with a new layer that is formed tmn of additional layr-rs of cellulose 
throughotit the inh'rior of the cel- tUe mucous invostraent 

lulose wall of tl.c oriffimil cell (f:). "> »"'* “j'’ 

Sometimes, ho wever,aH in (Uinjnira 

f/hmerata (a common species), new cells may originatt; as branches 
from any part of the surface, by a process of budding ; wliich, not- 
withstanding its difference of mode, agrees with that just describtsl 
in its essential character, being the result of the subdivision of the 
original c^ll. A certain portion of the ectoplasm seems to undergo 
increased nutrition, for it is seen to project, canring the cellulose 
envdope before it, so as to form a little j)rotiilXjrance ; and th^ 
gometiinea attains a considerable len^h, before any separation of 
its cavity from that of the cell whiA gave origin to it to 
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take place. Thi« separation is gradually effected, however, )>y tlie 
iulolomg of the ectoplasm, just as in the preceding case : and thus 
the endochrotne of the branch-cell becomes oomolctely severed from 
that of the stock. ’Fhe branch then begins to elongate itself by the 
subdivision of its (irst-fornied cell ; and this process may be repeakd 
for a time in all tlu? cells of the tilaraeiit, though it usually comes 
to be restriotod at last to the terminal cell.— 'i’he Covf( n‘nv(^<H mul- 
tiply themselves by zooK[>oreH, which are produced witliiu their 
c^s, and are th(*n set-free, just as iu <he Uivacc'u) (§ 

25,]. A tnui sexual (lemu’atioii has been observed iu several 
Confcrvfmefc, aud is j)r{}])ably luiiversal tlirongliout the group. It 
is presenteil under a very intorcHtiug fonu in a plant termed 
Spfumuyplea the development aud generation of which 

have been sj»ecially studied by Dr. F. (John.* 'riie ‘ oiisporc/ 
which is the j)roduct of the sexual process to be preseiitly described, 
is fflled when mature with a red oil, and is enveloped ]>y two mem- 
branes, of wbicli the outer one is furnished with stellate pro- 
longations (Plate hg. 1). When it begins to vegetate, its 
tmdochromc hn'aks up — first into two halves (lig. 2), and then }>y 
successive subdi visions into numerous segments (figs, d, 4), at the 
same tinu; heeoiniug green towards its margin. Tnese segments. 
Hot free by tlu^ rupture of their containing cnvolop(s (*.scaj.)e as 

* micro-goiiidiu,’ wluch are at first rounded or oval, each having 
a 8emi-tranHj)arent lieak whence proceed two flagella, but whicii 
gradually elougubi so as to become fusiform (fig. r»). at the same 
time changing their colour from red to gn'cn. These move actively 
for a lime, aud thou, losing their motile power, ht‘giii to devoloji 
themselves into filaments. The first stage iu this development 
consists iu the elongation of the cell, and th(^ separation of the 
©ndochrome of its two halves by the interposition of a vacuole 
(fig. 0); and in more advanced stages (figs. 7, 8) a repetition of the 
like interposition gives to the endoclirome that annular arrange- 
ment from which the ])lant derives its specific name. This is soon 
at a, fig. b, as it presents it^self in the filaments of the adult plant; 
whilst at hf in the same figure, wo see a sort of froUiy apjiearance 
which the endixdirome comes to possess through the multiplication 
of the vacuoles, 'fhe next stage in the development of the filaments 
that ar(3 to protluce tlie oospores, consists in the aggregation of 
tho endiK'hrome into definite masses (as seen at fig. 10, n), which 
s<mn l»ecomc star-^haj-ied (as seen at h)j each one &?ing contained 
within a distinct compartment of the cell. In a somewhat more 
advonc^ed stage (fig. 11, r(), the masses of endoehrome begin to dmw 
themselves together again ; and they soon assume a globular or 
ovoidol shape (6), whilst at the same time definite openings (c) are 
faitoed ia their containing cell- wall. Through these openingB the 

♦ oatheroKoids* developed within other filaments gain admission, as 
shown at 4, fig. 1 2 ; and they seem to dissolve away (as it were) 
n|>on tlm surface of the before-mentioned masses, which soonafter- 

t ♦ Auiu des St'i. Nat.,” 4^mft S^r., Botan,, Tom. v. j)*. 11^7, 
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wards become invested witli a firm membranmis envelope, as shown 
in the lower part of fig. 12. These undergo further changes whilst 
still contained within their tubular pareut-ctdls ; their colour 
passing from green to rcxl, and a second invi’stinent being fonned 
within the first, which exbnids itH<‘lf into stillate prolongations, as 
seen in fig. Id ; so that, when set free, they }>reciHely resemble tlio 
mature ooHj^oreH which we have taken as the sfarting-point in 
this curious liistory. Certain of the Hlanient.s (fig. 14), instead of 
giving origin to spores, have tlunr annular eollections of endo- 
chroine converb'il into ‘ autherozoids/ which, as soon as they have 
disengaged theinsdv'os from tin* nnn ihiginous sheath that <*tiveloi>t*s 
them, move about rajadly iti tin* cavity t>f their containing c(dl 
{ft, h) arouuil the large va<MioleK whi<*li occu])y its inb'Hor ; and then 
make their escajx* through apt‘rtures (/•, J) which I'onri tliomsolveM 
in its wall, to find tlicir way tlirougli similar apertures into tlm 
interior <»f flu* spore-hearing cells, as aln^inly di'scribed. 'riiese 
autherozoids ai-e shown in fig. lo, as tlnw appear when swimming 
uctivi'ly through the water by means of the two (lagtdla which each 
possesses. The peculiar inbirest of this history <*onHiHtH in the 
entire absence of any special organs for the (ienerative process, 
the ordinary filamentous cells de\elo]>ing oospores on the one 
hand, and anthenuoids on the other; and in tin* simjdicity of the 
means by whi<‘h the f(*c\uidatiiig ju-ncess is accoin] dished 

2ot. Idle (KiUnfonlen resemble ('lohfcmKuuv in gi'm^ral aspect atid 
habit of life, InitdiiTer from them in some enrious jiariiculars. Astln^ 
eomf)onenl t ells td' tin* filaments extend tbemsi’lveH longitudinally, 
new rings of cellnlosi* arefornu'd Nuecessively. and int(n*(!alati‘d into 
the cell-wall at its upp<*r eml, giving it a ringed a])[)(;arance. Only a 
single large zoilsjuire is set free from eae.h eell ; and its lib»‘ration is 
nccompiisht*<l by the almost e.omjdete lission of the wall of the etdl 
through one ot these rings, a snmll part only rtunaining nnch*ft, 
which serves us a kiml of hinge wluTchy the two parts of thi; fila- 
jiieni an* [>rr*vcnted from being altogether separabitl. Sometinn's 
the z(»ospore dties not coinpletdy ext ricate itself from the jiarent* 
cell; and it may begin to grow in this situation, the root-like ];ro- 
cesH(*8 which it pnts-forth being extended into the cavity. Professor 
A. M. Edwards (U.S.) states that In* has seen tin* Ho-CJil]e<3 ‘motile 
sm>res’ of the (Eihnji)nlnm develoj>e into objects exactly re-cmbling 
and finally reproducing “a filament exactly like that from 
which the original green spore was j»rojected.” He further asserts 
he has seen the cell-couteiits of (Kdinjouaf m de.\ elope into forms 
identical with s(*v(*ral genera of Ehrenherg’.s Polygastric Animal- 
cules.* Observations gf an analogous character wcjre j)revioiiHly 
niaxle by Oohn and Itzigsrdiu. 

255. I u their (leue rati ve process, also, the, (Eflintiniinm show 
a curious dex)arture from the ordinary tyj)e ; for whilst the 
‘ oospores ’ are forme<^l within ceirtiviu dilated ctdls of the ordinary 
filament (Pig. 151, i), and are fertilized by the ])enetration of 

* “ Monthly Microstc. Journal/* Vol. v?ij, (b<72), p, 2S, 
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‘a»tlxOroasoid»* (2), these anthemoids aa*e not the immediate 
product 0 f the sperm-cells of the same or of another filamen^ hot 
are developed withm a body termed an * androepore ^ (5), which is 
to be set free from within a sperm-cell (4), and which, being fur- 
nished with a circular fringe of cilia, and having motile powers, 
very strongly resembles an ordinary zo<>spore. This androsmrc, 
after its period of activity has come to an end, attaches itstdf to 
the outer surface of a germ-cell, as sliowu at i, /> ; it then 

A Fig. 151. n 



A. Bos uni jjii'iuuitii)! 'f O'jh^jiniium rillotnm: — 1, lilaiucul with (wo oiii^poroK 
iu of fornuitit*!), th«> iowiw oih» hnvmg two ftinlrospoiws atlncbod to itt> 

rxtorior, tlio contents of the up|H*r ono iu tin* act of Ixin^ fertilized by the 
♦nitmuoo of an antherozoid hct five fnnu the interior of its androsporo ; 2, 
fnH> nmtlierozoids ; ^1, mature tnisju're, still invested M'ith the 0 (d I -membrane 
of the parent filament.; 4, pt>rtions of a lilament liearing^ sjK'im eells, from one 
of which an audroaiiore is being aet free; 5, hU*n»ted audn'S])OR'. 

». Bmuehew of Ciu,'toj»h 0 m t h>ffa»s, iu tlie act of jjiischargiug tlagellatod ZOO- 
whieb aro aeeiK as in imdion. on the right. 

undci^oes a change of Hba|x% and a sort of lid drops off fn>m it^ 
free extremity, seen in the npjx^r part of i , by which its con- 
tained antlierozoids (2) are set free; and at the same time an aper- 
ture is formed iu the wall of the germ -cell, by which the ant^- 
rozoid enters its cavity, and fertilizes its endoplasm by dissolving 
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tipou it and blading wtli it. Tto mass then becomes an olkpore 
(3b invested with a thick wall of its own, but still retains more or 
less of the envelope derived from the cell within which it was 
developed.^ It is probable that the same thing happens in many 
Oonfervacem, and that some of the bodies which have been terraea 
* micro-gonidia ’ are really iindrospores. — The officies of these 
di^fferent classes of rc'productivc bodies are only now beginning 
to be understood ; and the inquiry is one ho fraught wifll Phy- 
siological interest, and, from the fac^'ility of growing th<^fte plants 
in Aquaria, may lie so easily pursiied, that it may be hoped 
that the zeal of Mieroscopists will not long leave any part of it in 
obscurity. 

256. The('7/e/o;>/eovn’e/e constituboabeantifnl ami interesting little 
group of (>onfervoid plants, of whi(‘h some species inhabit the sea. 
whilst others are found in fresh aiul pure water, -rather in that of 
gently moving streams, however, than in strongly flowing currents, 
(leiierally sjx'aking, their filaments jmt I'orih lateral branches, and 
exti*nd themselves into arboresctml fronds ; and one; of the distinc- 
tive characters of the group is afforded by the fact, that the 
extremities of these* branches are usually ppdonged into bristle* 
Hha|x'd processes (Fig. 15], n). As in many preceding cases, these 
plants multiply themselves by the eou version of tin* endo<;hrome 
of certain of their cells into * z(»bHp(»reH and these, when set fret*, 
arc se(*ii to be fumislnsl with four flagella. * Resting-Kpores* have 
also Ijcen seen in many Hpccies; and it is probable that tht^se, as 
in f 5o//errofvve, are really oospores. 

257. 'Phe Ihtfrarhfispmurcp., whose name is indicative of the 
strong resemblanct^ wiiich their bea<led fllauH*nts bear to frog 
spawn, are now raiike<l as humble fresh- water forms of a far higher 
marine group of Algte, the itfKuloxponnrai ov Red Sea-weeds (§IKib). 
But they •lest*rve spcci.'il notice here on account of tlie simjdicity 
of their structure, and the e\tr(*me beauty of the objtiCts they 
tifford to the Microscopint (Fig. 152). 7bey are (dnefly foumi 
in winter which is pure and gently -flowing. “ d'ljey arc so ex- 
tremely flexible,” says i)r. 11 aKsall, ** that they obey the Blightest 
motion of the flui<l whicli surrounds them ; and nothing can sur- 
pass the ease* and gn*acc of their movements. When removed 
from the water they lose ail fonn, and appear like piec(;8 of jelly, 
without trafje of organizathm ; on iminorsion, however, the branches 
quickly resume their former disposition.” 'rinur colour is for the 
most part of a brownish-green ; butKometimeH tlioy arc of a reddish 
f>r bluish purple. The central axis of each plant is originally com- 
posed of a single file of large cylindrical cells lai<l end to end; but 
this is Hubse^iuently invested by other cells, in the manner to be 
presently described. It bears, at pretty regular intervals, whorls 
of short radiating branches, each of them composed of rounded 


• See Pringaheim in “Ann, des Scl. Nat,’ 
(1856), p. 187. 
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<J631s, arranged in a Lead-like row, and sometinies subdividing again 
into two, or themselves giving off lateral branches. Each of the 

primaiy branches origi- 
nates in a little protube- 
rance from the primitive 
cell of the central axis, pro- 
('isely alter the manner of 
the lateral cells of Corifennt 
fflivtiu rata (§ 252) ; as this 
protuberance increasiis in 
size, its cavity is cut off by 
a septum, so as to reinler 
it an independent cell; tunl 
])y the continual re])etition 
of the process of binary sub- 
division, this single cell be- 
comes converted into a 
bea<lcd hlaineut. (/ei*tain 
of these branches, howevc}*, 
instead of radiating from 
the main a\.is, gi*ow down- 
wards njKUi it, HO as to 
jui( I'odmaj^ rmnin luouifijitrutv, lomi u elosely-httiug in- 

vestment that Ht‘ems pro- 
perly to belong to it. Some of the radiatimg branches gi*ow out 
intt) long transparent points, likt* those oi (duetophoraeem ; and 
within those an* })rodueed * untherozoids,* which, though not (ai- 
dowtsl wdth the jK>sver <»i spontaneous movement, find tluir wa> to 
the germ-cells eoniuiued in other })artH ol the filaments ; and b\ 
tile fortilizaiittii of the eoutents oi‘ tliese an* jirodiua^l ‘ odtjpore.s,' 
which are seen as viark bodi<*s lying in the iiuilst of tin* whorls of 
branches ( Fig. bV2). 

25B, Among the highest of the Alg;e in reganl to the eomploxity 
of tlieir (.ieuerative apparatus, which contrasts strongly witli tin* 
general simplicity of their striietun', is the I'ainily of (VnoYUvn. 
(ranked by some llotanists us a grou)) of luimary importance), 
some members t>f which have n*ct‘ived a large amount of atUmtioii 
from Microscopist.s, on a(‘couut of the intere.stiug Y^benoinena they 
exhibit. Uliese humbh* plants are for the nmst part inhahitiints of 
fresh waters, and are found rather in such as are still, than in 
those whi(jb are in motion ; one species, however, may be met with 
in ditches wdiose waters are rendered salt hy communication with 
the sea. They may be easily grown for the pur|>o8es of observation 
in large glass jars ex|>OHe<l to the light; all that is necessary being 
to }>our off the water oi casionally from the upper pai t of the vessel 
(thus carrying away a film that is apt to form on its surface), 
and to repoace this by fresli water. Each plant is composed of 
&n assemblage of long tubiform cells, placed end to end ; with a 
d^tinct central axis, around which the branches are disposed at 
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intervals with jipreat regularity (Fig. 153, a). In th© genus li^ikUa, 
the stem and branches are simple cells, which sometimes attain the 

Fio. 153. 


A II 



XiO'lla il itilix- — and hriiTn'}i«*s of th<* natural nizi* ; ft, r, J, 

four v<*rti<' of liraiK-lio.s ishiiinf!; from tho ntiuu; J\ Kubflivisuui 
of tho fjraiiclit'H; — B, portion of ilio sWni aud bniuchoa onlari^od ; o, />, 
joints of atom ; r, r/, vcrti'dlH ; now o<*U« Hproutinfif from tho nidoK 
of th(‘ brauchrs; f/, A, now colls sprouiiuji; at tho oxtremitios of tho 
bmuclies. 

lf*ngth of Hovoral inchen ; wbilKt in the true f 7/ am each central 
tube is siirroundfyl by an envelope of Kinailer ones, wJiich is formed 
as in Batracbosj>enrieah save that the investing cells grow upwards 
as well as downwards from each nodtj, and meet <w;b other on the 
stem half-way bi‘twecn the nodes. Some Hpccies have the power 
<»f secreting carbonate of lime from the water in which they grow, 
if this be at all impregnated \^dth calcareous matter ; and by the 
deposition of it beneath their teguments they have; gained their 
ptmular name of ' shmeworis.* The long tubifonn cells of NUella 
afford a very beautiful and instructive display of the phenomenon 
of cuclom, or rotation of fluid in their interior. Kach cell, in 
healthy state, is lined by a layer of green oval grannies, wliioh 
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Q$mt e?«fy mrfc, except two loBigitadiaal liaes ikat remaia aeariy 
cahrolw (Fig. 168, b) ; and a eoastant stream of semi-fluid matter 
coataiamg aumerous jelly-like globules is seen to flow over the 
greea layer, the current passing up one side, chan^g its direction 
at the extremity, and flowing down the other side, the ascending 
and descending spaces being bounded by the transparent lines just 
mentioned. Inat the currents are in some way directed by the 
layer of granules, appears from the fact noticed by Mr. Yorley,’*^ 
that if accident damages or removes them near the boundary 
between the ascending and descending currents, a portion of the 
fluid of the two currents will intermingle by })assing the boundary ; 
whilst, if the injury bo repaired by the development of new granules 
on the part from which they had i)een detached, the circulation 
resumes its regularity, no part of either current ]>a88ing the boun- 
dary, In the young cells, however, the rotation may be seen before 
this granular lining is formed. The rate of the movement is 
affected by anything that inti ueiices the \dtal activity of the Plant ; 
thus, it is acceltjrated by moderate warmth, wliilst it is retarded by 
cold ; and it may be at once checked by a slight electric discharge 
through the plant. I^he moving globules, which consist of starchy 
matter, are of various sizes ; being sometim(*s very small and of 
deflnite figure, whilst in other instances they are seen as largo 
irregular musses, which appear to be formoil l^y the aggregatio]i 
of tuo smaller particles.t dMie production of new cells for the 
extension of the stem or bramdies, or for the origination of new 
whorls, is not liere accaeuplished hy tlie .subdivision of the parent- 
cell, but takes [»lace by llie method <»f out-grow'th (Fig. lod, a, 
c,/, (j. A), which, as already showm (§ 262), is nothing but a modi- 
iicjitioii of the usual process of cell-multiplication : in this manner, 
the extension of tin* ludividual plant is cil'ceted with considerable 
rapidity. \Vln;u these plants are wadi stipplied with nutnment, 
and {iro actively vegetating under the inlhieucc of light, warmth, 
t'fec., they not uniiv<ptently »levelo|>e ‘ bnlhels,’ or ‘ gonidia,’ which 
are little clusters ot cells, filled with starch, that sprout from the 
sides of the central axis, and then, i'albng off, evolve the long 
tnbiform cells churjje-tmdstic of the jdant from whicdi they they were 
produced. The ( 'Ao/ crevi; may also be iimltiplh^l by amficial 
siiMivision ; the sejuirated parts c(»ntinuing to grow under favour- 
able circAimstonces, and gradually developing themselves into the 
typical form. 

560. The (Tcnerativc apparatus of 1 7m mave consists of two sets of 
bodies, both of which growaf the bases of the branches (Fig. 154, A, b): 

♦ “Transactions of the MicroseopiiMil Swiety,” 3rcl Series, VoL ii, p. 99* 

t This interesting phenomenon may be readily observed, by taking a small 
mirtion of Uto plant out of the water m whieh it is growing, and either placing 
it in a large Atjuatio box (§ 122) or in the Zotiidiyte-trongh (§ 124), or laying 
it on the glass Stiigo-plaio 12U) and covering it with thin glass. A 
of iUtam or NUeito placed in the CJrowing-slide (§ 121) may bo kept 
niwisr obsen-atiou for many days togetlier. 
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om set, formerly knowa as * j^lolmlea/ are really nnth^undia; wHlst 
the other, known a« ‘nucules,* ooutaiu the germ-cells, and are true 
pIMlUUa. Tlie * globules,’ which are nearly spherical, have an 
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<n{uiit)v ojjjiiiK of ( h/tfti lnnfih» — S J i JjUhJ or ‘ giobul* ’ 

V lop 1 4i t) IjviH ( f ptstjHiflimn or ‘iin ul — h, nu' ul' <ti)tignl, 
ttiid jiflobuU 1 ii<l o|wii by th< m* paration of its \ilvts, — C, ooo of 
th# \alv's, witlj JtH pfroup of /tuthf rldwl lilaiix nts, t ik \i fon»)OK<fl 
of a hrn fti I WH ol < < 11«, m ithin t v< rjj <«it of v, hi< h an autln tokojU w 
foniiod, — in !♦, F, ttinl i, tho HU<<<ehiv( s of thiH fomifttion are 

secu —aiKlut a ih Hho'wii th» cH^ai>o of th« mitun antln io<;oi<J«, n* 

envclop(‘ made up of eight tnangulai valves (ii, (), oft^m curiously' 
marked, which em loses a nucleus of a light rt-ddish colour, tius 
nucleus is }>nucij>ally conijKwed ol a mass of lilauu nts roiled up 
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ex^mpactly together ; and each of these filaments (r) consists, like a 
(Jonferva, of a linear succession of cells. In every one of these 
cells there is formed, by a gradual change in its contents (the 
successive stages of which are seen at i>, k, f), a spiral thread of 
two or three coils, which, at first motionless, after a time b urns to 
move and revolve within the coll ; and at last the cell- k/all gives 
way, and the spiral thread makes its escape (o)* partially straightens 
itsmf, and moves actively through the water for some time (ii) in a 
tolerably deteriniiuiU* direction, by the lashing action of two long 
and very delicate filaments with which tliey are furnished. The 
exterior of the ‘nucule’ s) is formed by five spirally -twisted 
tubes, that give it a very peculiar aspect; and tliese enclose a 
central sac conbiining prok)[)laHin. oil, and standi-globulos. At a 
certain period tie* spirally-twisbsl tubes, whi(!h form a kind of 
fjrown around the summit, sejwirate from each other, leaving a 
canal that leads dowm to the central germ-cell or ootiphrni ; and it is 
probable that through this canal th<? antherozoids make their way 
down to perform tluj act of fertilization. Ultimately the nucule 
falls off like a seed ; and the fertilized germ-c(*ll, or ‘oo.spore,’ gives 
origin to a single new plant ]>y a kind of g(U’mination.* 


nKSMll)IV(K.K ANJ) DIATOM A(E.i:. 

260. Among those Himple Ali/m whose Generative process consists 
ill the ‘conjugation’ of two similar cells (§ •2;I5), there are two 
groups of such peculiar interest to the Alicroscopist as to need 
a special notiot* ; these are the l)r,^‘itii(h’a(:r<f> and the DiafoaiaeccB. 
Both of them were ranked by Khrenberg and many other Naturalists 
as Auirualciil(‘.s ; but the fuller knowledge of their Iifo-history, and 
tlie more extended acquaintance with the ]>arallel histori(‘s of other 
simple forms of Vegetation, which have been gained during the 
last twenty ycar.'<, are now generally accepted as decisive of their 
V’^egetable naturt\ 

261 . 'fhe Dk.smidi voK.Et arc iniuuto plants of a green colour, 

* A full A<*nnuit t«f t]i<* Vhunn’nr will \h> foiiud in Prof. Sachs’s “ Text-hook 
*»t IkjUnv." (irrtuslated by V. \V. llfiuiett), j». 27S. — Various oli^servers have 
asserted tluit jvartij le.s of ihe j)roto{»lusniieeoutontK of the eells of the Characetv^ 
when sot froo by the rupturo of their rolls, may ooutinuo to livo, niovo, and 
giTiw tts imlcpemloivt. Ulu/.opoils Put tht‘ writer is disgosod to think that the 
{ihenomeurt thus rt^preseiited are nither to bt* ro^rded as ousos of jjarasitism ; 
iliO diamyiiig cells of JSiUUu having twen found by (henkowski BeiLrhgo zur 
iventnisH dor Monadon,’ in “ Aroh. f. Mikr. Aunt.” Bd. i., p. 2(>3) to be in- 
habitc^d by minute s[auiHo-shaped oiUated bodh's, which soom to ouiTespond with 
lh« *8iH)res' of the MifjvmffccUs (§ 1V22), going tlirtuigb an amoolioid stage, and 
then producing a pimmotiium^ whitdi, after uudei'goiug a sort of encysting 
prtKesis ftnally ‘brt^aks up’ into spiudle-shaiH'd particles ri'sembluig those found 
»u the ATfef/o-cells. 

t Our first accurate knowledge of this gri>up dates from the publication of 
Mr. BiJIs's admirable Monograph iu 184S. I,ater information iu re^rd to it 
will be found in the tiectiou contributed by Mr, W. Archer to the 4th Edition 
of IMtehard’s * Infusoria.* 
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gromsg in fresh water ; generally speaking, the cells are indonen* 
dent of each other (Figs. 155-158) ; but sometimes those which 
have been produced by binary subdivision from a single primordial 
cell, remain adherent one to another in linear series, so as to form 
a filament (Fig. 160). The tribe is distinguished by two peculiar 
features : one of these being the semblance of a division of each 
cell into two symmetrical halves by a ‘ sutural lino,* which is some- 
times so decided as to have led to the belief that the cell is really 
double (Fig;. 158, a), though in other cases it is merely indicated by 
a slight notch ; whilst the other is the frequency of projections 
from the surface, which are sometimes short and inconspicuous 
(Fig. 158), but are often elongated into spines, presenting a very 
symmetrical arrangement ( Pig. 1 55). M'hese projections are generally 
formed by the ecllulosc envelope alone; which possesses an almost 
homy consistence, so as to retain its form after the discharge of its 

Fio, ITm. 
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VnnoU'' ci< s of — A, .S’, nutitum ; U, A', aculefitum , 

C, S. parmUfxina; 1), E, A. ftru< hintum. 

contents {Figs. 158, n, n, 162, k), bnt docs not include any mineral 
ingredienl, either calcareous or siliceous, in its composition; in other 
instances, howevei. they are formed by a notching of the margin of 
the cell (Pig* 157) which may affect only the outer casing, or may 
extend into the ccll-cavity. The outer coat is surrounded by a very 
transpareAit sheet of gelatinous substance, which is sometimes very 
distinct (as shown in Pig. 160), whilst in other cases its existen^ 
is only indicated by its preventing the contact of the cells. I he 
outer coat encloses a primordial utricle, which is not always 
closely adherent to it; and this immediately surrounds the endo- 
chrome, which occupies nearly the whole interior of the cell, ana in 
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c«aiaaa etages of its growth is fouad to contain stajrh-grannlcs.-- 
Many of these Plants have a power of slowly changing their place, 
80 tliatthey approach the light side of the vessel in which they are 
khptff and will even traverse the field of the Microscope under the 
eye of the observer; by what agency this movement is effected 
has not yet been certainly made out. 

262. A * cyclosig * may be readily observed in many DefnuidlacHv ; 
andii particularly obvious along the convex and concave edges of 
the cell of any vigorous specimen of (dduteriniu, with a magnifying 
power of 250 or 300 diameters ( Fig. 1 50, a, ip. Ily careful focussing. 



I’ycloHis iti ('ii)ntf ritiin Ifinuftt — A, <**11 slmwiiig ccntntl 
tion lit ff, in wiiich the hnx*' }?h»bulf.s, />, ar<' not .sct»n ; — n, on<> cxliv*- 
inity eiilaigiul, showing the uiuvemont of globnh's iu the (-olonrh .sK 
— c, extoriuil jot pnnhuTd by jin ssim* on th<< ooli, probably 
through nn opening in Uit* cellulose envclopf* ; — i), cell iu a state of 

the flow may be ^eon in broad streams over the whole surface 
oPthe ondoohrome ; and these streams detach and carry with them, 
from time to time, little oval or globular bodies (a, h) which arc 
put*forth from it, and are carried by the course of the How to the 
transparent spaces at tlie extremities, where they join a crowd of 
siinilar bodies. In each of these spaces (u ) , a protoplasmic How piroceeds 
from the somewhat abrupt termination of the endochrome, towards 
the obtuse end of the cell (as indicated by the interior arrows) ; 
and the globules it contains are kept m a sort of twisting move- 
mmit on the imm' side (a) of the primordial utricle. Other currents 
are seen apparently external to it, which form throe or four distinct 
courses of ^obules, passing towards and away-from c {as indicated 
by the outer arrows), where they seem to encounter a fluid jetted 
towards them as if through on aperture in the primordial utnde at 
the apex of the chamber ; and here some commn mention between 
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the iuuer and the outer currents ap|:>ear8 to take place*. — Another 
curious movement is often to be witnessed in tne interior of the 
cells of members of tliis family, esi>ecially the various species of 
{Joamariumf which has been described as ‘the swarming of the 
granules,* from the extraordinary resemblance which the mass of 
particles of endochrome in active vibratory motion bears to a 
swarm of bees. This motion continues for some time after the 
particles have been expelled by pressure from the interior of the 
cell ; and it does not seem to depend (like that of true ‘ zoospores’) 
upon the action of cilia or flagella, but rather to be a more active 
form of the molecular movement common to other minute particles 
freely suspended in fluid 155). It has been supposed that the 
‘ swarming’ is related to the production of zoc)8porcs ; but for this 
idea there does not seem any adequate foundation .f 

2615. Wieu the single cell has come to its full maturity, it com- 
monly multiplies itself by h Inary anhdhisifm ; but the plan on 
which this takes j)lace is often peculiarly modified, so as to main- 
tain the symmetry characteristic of the tribes In a cell of the 
simple cylindrical form of those of Dldymoprimn (Fig. 160), little 
more is necessary than the separation of the two halves at the 
sutural line, and the formation of a partition between them by the 
infolding of the primordial utricle ; and in this manner, out of the 
lowest cell of the filament a, a doulde cell, a, is produced. But it 
will be observed that cjich of the sim))lo cells has a bifid wart-like 
})rojeetion of the cellulose wall on either side, and that the half of 
this [)rqjection, which has been appropriated by each of the two new 
cells, is itself Ixjcoming bifid, though not symmetrically ; in process 
of time, however, the increased development of the sides of tne cells 
which remain in contiguity with each other brings up the smaller 
projections to the dimensions of the larger, and the symmetry of 
the cells is restored. — In Cl<>nlrrh(-nf (Fig. 156, i)),the two halves of 
the endochroTuo first, retreat from one another at the sutural line, 
and a constriction takes place round the cellulose wall ; this cqn- 
etriction deepens until it becomes an hour-glass contraction, which 
proceeds until the cellulose wall entirely closes round the primordial 

• Sf*e Lord S. (J. Osborne’s coninmni^vitioiis totlie “ Quart. Jo urn. of MicroKC. 
Sci.,” Vol. ii, (IH.H), p. 2MI, and Vol. hi. (1H55), p. hL — Although tho move- 
ment ifl an unquesUonablo fact, yet there ran bt) no besitatu'U in ro^irtling tl)e 
ttppearauco of viluiry m'tkm <iescril>ed by that observer as uii optical illusion ; as 
was early pointed out by Mr. VVenbam in the saino Journal, Vol. iv., IHoh, 

15«. — The character of Ibis movement haw been drscrihed by a recent ob- 
server (Mr. A. W. Wills) as one of ebb and flow, alto ruatfdy towards and from 
the ends, in delicate longitudinal bands or streams ; it« direction in any one 
band being usually reversed every few seconds ; while in differont bHnds the 
flow may be in o[)posito directions at the sanio time. 'J'hc clear Hf>aceH at the 
ends ot the coll he affirms to be contnietile vesiclos ; and these (bo says) can 
bo seen under a l-4tb or l-fith inch ol»jective to 1 m) undergoing iucM*8»ant 
ihaugh slight changes in fonn, with which the llo-w of tlie eunx'iits can Iw 
distinctly connected. (See Midland Naturalist,” p. (luotod in 

“JourcL of Roy. Microsc, Soe.,” Vol. iii. (IfiHh), p. 

t Be© Archer in “Cj^uart, Journ. of Microsc. Set,” Vol. fiii. (IfiCO), p. 21o. 
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utricle of tlie two segments; in this state, one half commonly 
remains passive, whilst the other has a motion from side to side, 
which gradnally becomes more active ; and at last one segment 
qnits the other with a sort of jerk. At this time a constriction is 
^n across the middle of the primordial utricle of each segment, 
indicating the formation of the sntural band ; but there is no 
division of the cell-cavit 3 % which is that belonging to one of the 
halves of the original entire cell. The cyclosis, for some hours 
previously to sidjdivision, and for a few hours afterwards, runs 
quite round the obtuse end, a, of the endochrome ; but gradually a 
transparent spacci is formed, like that at the opposite extremity, 
by the retreat of the coloured layer ; whilst, at the same time, its 
ootuse fonn becomes changed to a more elongated and contracted 
shape, 'rhus, in five or six liours after the separation, the aspect 
of each extremity becoim.'.s the same, and each half resembles the 
cell in whose self-division it originated. 

2(>4. The process is seen to be perfornnsl after nearly the same 
method in Stdvi'nsO'uvi (Fig- i>, k); the division taking place 
across the central constriction, and each half gradnally acquiring 
the symmetry of the original.- - In sueh forms as ('(»tmari am, how- 
ever ^ in which the cell consists of two lobes uiiiU'd together by a 
narrow isthmus (Fig, 1-^S), the division takes ])lace after a different 
method ; for when the two halves of the outer wall separate at the 
sutural line, a semiglobular jirotrusion of the endochrome is put 
forth from each half; these protrusions are se]iarated from one 
another, and from the two halves of the (original (tII (whi(‘h their 
iuterpo.sition curries apart), by a narrow neck ; and they progressivelx' 
incroa.so until they assume the a}>poaraiKH^ o1 the half-segments of 
the original cell In this state, therefore, the plant consists of 
a row of four si'gmmits, l^ying cud to end. the two old ones forming 
the extremes, and tie two new ones (which do mit usiiall}'^ acquire 
tlie full size or the characteristic markings of the original before 
the division Oi'curs) occupying the intermediate place. At last 
the central hssion becomes complet<\ and two bi]>artite fronds are 
formed, each having one old and one young st'gmeiit : the young 
segment, however, soon ac<iuires the full size and (characteristic 
aspect of the old one ; and the same process, the whole of which 
may take place within twent\^-four hours, is rep<jated ere long.* 
The same general plan is followed in denticulata 

(Fig. 157) ; but as the small hyaline hemisphere, put forth in the 
hrst instance from each frustule (.v), enlarges with the flowing-in 
of the endochrome, it undergoes progressiv^e subdivision at its 
edges, first into three lolies (a), then into five (c ), then into seven 
(n), then into thiiteen (k), and finals at the time of its separation 
(r), acquires the characteristic notched outline of its type, being 

* the observations (*f Mrs. llerlx‘rt Thomas on Cosmarhm marffariti- 
in **lVan«iiot. of Microsc. Society,’" Vol. iii. (18r>o), pp. 3^36. — 
Several varieties in the motle of subdivision an* doscrilxHi in this short record 

of long-continued observations, as of occasional occurrence. 
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Succ'-.srfivc staffs 1)1 jliuiir^ rmbdivihiou of Mit rttdi riiH dt ntU'uUiUi, 

half.* — In Sitlittmzoitiinr, tlio ccIIh thiiH produced remain connected 
in rows within a j^clatinoiia sheath, like those of Didynioprinni 
(Fig. different stages of the ])rocesH may commonly bt 

observed in the different parts of any one of the filaments thu« 
formed. In any such filament, it is obvious that the two oldesi 
segments are fuund at its opposite extremities, and that each 8ul>‘ 
division of the intermediate cidls must carry them farther and 
farther from each other. This is a very different mode of increase 
from that of the donferdaaw^ in which the terminal cell alone 
undergoes subdivision 252), and is consequently the one lost 
formed. 

♦ See Lobb in “ Transact, of Micros^-, Bock ty,” X.S,^ Vol. ix. (1861), p. 1. 
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265. Alth^tigTi it is x>robablo tliat tbo Beamidiacece ffcneraily 
intiltiply tbemselves also by the subdivision of their endocbrome 
into a nuTnl>er of zoospores, only one nndonbted case of the kind 
has yet been recorded (the Pedinfdmt', § 270, being no longer 
ranked within this grou]>) ; that, namely, of Bovldinm Ehrenhet'gli, 
whose elongated cell ]>uts forth from the vicinity of the sutural 
line, one, two, or three tubular extensions rc*H**rnbling the finger of a 
glove, throngh whi(di there pass out from 20 to 50 motile micros 
gonidta formed by the hreaking-iip the endochromo of the 
neighbouring |)ort.ion of <jacb segment.* 

206. Whether there is in this grou]) anything that corresponds to 
the ‘encysting’ process ("§ 22B noi^’) or the formation of ‘stato-spores’ 
(§ 241) in other T*rotophytes, has not yet Iw^en certainly ascer- 
tained ; hut the lollowiiig ohservatious may have reference to such 
a condition. It is stated by Foeke that the entire endochrome of 
CloHieri tnih sometimes retracts itself from the cell- wall, and breaks 
itself up into a number of globules, every one of which acquires a 
very firm env(‘]ope. And it is afhrrned by IMr. , Tenner that “in 
all the I)(‘smidiat‘cu', but especially in Cloftfrrifutt and Micnfufrrias, 
small, com})act, soed-likc bodies of a black isli colour are at times 
to be met with. 1’hoir situation is uncertain, and their number 
varies from one to four. Jn their irniuediate neighbourhood the 
endocbrome is W'anting, as if it had been re(pured to form them ; 
but in the rest of the frond it retains its usual colour and appear- 
ance.*’ It seems likely that, when thus encl(>secl in a firm cyst, 
the gonidia are more capable of preserving their vitality, than 
they are when destitute of such a protection ; and that in this con- 
dition they may be taken-up and wafted through the air, so a.s to 
convey the species into new localities. 

267 . The }>i\)per (leuerative proces.s in the B^'ymidlnrern is 
always accomplished by the act of ‘ conjugation which commences 
with the dehiscence of the firm external envelope of each of the 
conjxigatiug cells, so as to sej>arate it into two valves (Fig. 158, c-, d ; 
Pig. 1511, (’), The contents of each cell thus set-free without any 
distinct iiivestnumt, blend with those of the otluT ; and a * zygo- 
spore* is formed by their union, which soon acquires a truly mem- 
branous envelope.f lliis envelope is at first very delicate, and is 
filled with green and "ranular contents ; by degrees the envelope 
adjuites increased thickness, and its contents become brown or red. 
T%e Burface of the zygospore is sometimes smooth, as in CloBierium 
and its allies (Fig. 15‘P ; but in the CoBmaiierv, it becomes granu- 
lar, tubercnlated, or even spinous (Fig. 158. t>), the spines being 
sometimes simple and sometimes forked at their extremities.J — 

* Bee Archer in “ Quait. Jonni. of Micmsc Soi,/’ V(^l. viii. (1 W). p. 227. 

f In Ceriaiu of as in mnnj* of the Duitfmact^n: (§ 280), the 

of eOiijagAtion gives origin to tito »iu»r«ngiR. 

t Bodice precist'ly reseiuiiling tfiese, and almost certainly to Ik‘ regarded ns 
of like kind, are often found fossilized in Flints, and have been described by 
Khreuberg as the n'maiiis of Animalcules, under the name of Jianthidia^ 
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The mode in which conjagation takcH place in the filamentous 
sj[>ecie9 constituting the Dvarntdiem pi'oper, is, however, in many 
respects different. The filaments 
first separate into their comjK>- 158. 

nent joints;, and when two cells 
approach in conjugation, the 
outer cell-wall of each splits or 
gapes at that part which adjoins 
the other coll, and a new growth 
takes j)lace, whi(‘h forms a sort 
of connecting tube that unites 
the cavities of the two cells 



(Fig. Ihd, I), k). Through this 
tube the entire endoohroine of 
one cell imsses o\er into the ca- 
vity of tne other (d^; and the two 
are c-oniininglcd so as to form a 
single mass (Kf as is the casi' in. 
many of the ( ''o/yn^ynh o- (§‘J‘)r>). 
The joint whicli contains the 
zygosjx>re can soartndy Ikj dis- 
tinguished at first (after the 
separation uf the empty cell), 
save by the greater density of 
its contents ; but the ]>roper 
coats of the zygospore gradually 
ix^conic mure distinct, and the 



C U>njiigatiou of tkinnuirium fH)trf/ttsf^ 
A, nuituro cfll ; li, empty coll-c?uvek)po ; 
c, tninsvcrso vi<i\v ; l>, zygospore with 
«*nipty oell-<'UvoIupes. 


eiiveloi)ing cell-wall disapj>ear8. 

— 'fhe suhse<pieiit hi.story of the zygospores has hitherto lieen 
made out in unlv a few cases. From the obseiwations of Mrs. 
H, Thomas {/'K*. < <7.) on CotoiKtrhun, it appeared that each zygo- 
spore gives origin, not to a single cell but to a brood of cells; and 
tnis view is fully confirmed by Hottmeister,* who speaks of it as 
lieyond doubt tliat the contents of the zygospores arc transformed 
by n'peated binary aubdivisiotiK into H or Ifi cells, whicii assume the 
ori^ual form of the parent befon? they are set free by the rupture 
or diffluence of the enclosing wall. The observations of Jenner 
and Focke render it probable that the same is the case in Clo^- 
teriii/n; but much has still to be learned in regard to the de* 
velopment of the pnxlucts of the Generative {>rocc88, as it is by no 
means certain that they always resemble the parent forms. For 
it is affirmed by Mr. llalfs that there are several Besmidiacea^ 
which never make their appearance in the same pools for two years 
successively, although their zygospores are abundantly produced- 
a circumstance which would seem to indicate an * altcrnatmn of 
^aerations.* It is a subject, therefore, to which the attention of 
Microscopists cannot be too sedulously directed. 

2t>8, Tne subdivision of this Family into Genera, according to 
* “Anm of Nat 3rd Sen, Vol. i. (1858), p, 2. 
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the method of Mr. Balfe (“British Destnidie^'’), as modified by 
Mr. Archer (Pritchard’s “Infusoria”), is based in the first instance 

Fio. 150 . 


A. 



Coujupntiun of (.'lojiterium atnatnhun • — A, onlinar,> coll ; H, ; 

C, two c>;ils io cuujugutioLi, Nvitli incij>i('n*t zygospore. 

upon the connection or disconnection of the individual oells ; two 
groups being thus formed, of which one includes all the genera 
whoso colls, when multijdied by binary subdivision, remain uniU^l 
into an elongated filament ; w^hilst th(‘ othiT comprehends all those 
in which the cells become separated by tlie com}>letion of the 
fission. The further division of the filamentous group, in which 
the zygospores are always globular and smooth, is based on the 
fact that in one set of genera the joints are many times longer 
than they are broad, and that thc}^ are neither constricted nor 
furnished with lateral teeth or projections; whilst in the other set 
(of which l)ldiim<qirlmii, Fig. IfiO, is an example) the length and 
breadth of each joint are nearly equal, and the joints are more or 
lees constricted, or have lateral teeth or projecting angles, or are 
otherwise figured ; and it is for the most part upon the variations 
in these last particulars, that the generic characters are based. 
The solitary group presents a similar basis for primary division 
in the marked difierence in the proportions of its cells ; such elon- 
gated forms as Clodrrium (Figs. Ibfi, Ibf)), in winch the length is 
many times the breadth, lieing thus separated from those in which, 
08 in Micntsieria^ Cottmarium (Fig. 158), and r‘ 

trum (Fig- 155)» the breadth more nearly equals the length. In 
the former the s|x)rangia are smooth, whilst in the latter they are 
very commonly spinous and are sometimes quadrate. In this 
group, the chief secondary characters are derived from the degree 
of constriction between tne two halves of the cell, the division of 
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its marj^in into segments by incisions more or less atul its 
extension into teeth or spines. 

Fig. IGO. 


B 



llijiary Mjb«livisioii niid ( ’onjugnUoii of /Jidi/moprlntn (ircrlllii 
A, portion of filament, surroundoii by ‘‘JivelojK* ; w, dividing 

<*(•11; c, Hiugle o#dl viewfd traiisviTHely ; n, two cellrt in conjugation ; 

K, fornmtiou of z\’goHpor<*. 

209. The Pnontdiacen^. are not found in running streams, unless 
the motion of the water be very slow ; but are to be looked-for in 
standing though not stagnant waters. Small shallow jwls that 
do not dry-'Up in summer, especially in open exposed situations, 
such as boggy moors, are most productive. The larger and heavier 
species commonly lie at the bottom of the ixiols, either spread-out 
ae a thin gelatinous stratum, or colleijtea into finger-like tufts. 
By gently passing the fingers beneath these, they may be caused 
to 1 ^ towards the surface of the water, and may then be lifted 
out by a tin-box or scoop. Other species form a greenish or dirty 
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cIoikI u|»on i\m stems and leaves of other aquatic plants ; and 
these also arc l>est detached by passinj^ the hand beneath them, 
and * stripping ’ the plant between the fingers, so as to carry off 
ujpon them what adhered to it. If, on the other hand, the bodies 
of whicli we are in search should be much diffused through the 
wat<»r, there is no other <s)iirse than t(> take it up in large ^luaii titles 
by the box or scoop, and to KP[>arate them by strfiinitig through a 
})U‘co of lin(‘n. At first, nolhitig appears on the linen but a mere 
stain or a little dirt; hut hy the straining of re]»eatcd quantities, 
a considerable accuiinilaiit)n maj' W gradually made. This should 
1)0 then 8crajH>d-oif with a knife, and trari.sferred into hoitlc's with 
fresh water. If what has hecn hronghi n[) by hand be richly 
charged with tliese f(>rm.'>, it should be at once deposited in a 
lif»ttle; this at first soeni.s only to contain foul water; but by 
allowing it t(> remain nndlstnrhed for a little time, the Desmids 
will sink to the bottom, and most of the wat('r may then he 
pourc‘d-off, to he re]>]aci‘d hy ;i fresh su])pl\ . If the bottles be 
freely rx]K)HtHl to solar lii^dit, thes(‘ little plants will fiourish, 
apparently as well as in Ilnur native pools; and their various 
pnasc.s of multlplicati<m and reproduction may be observed during 
successive monilis or oven years. If the pools he t(to deep for the 
use of the hand and the scoop, a collecting-bottle attached to a 
stick did) may lx* emjdoYed in its stead. The ring-net (§ 21t») 
may also he adviuitngeousfy ('ujployed, e.speeially if it be so con- 
Htnictod as to allow of the reinly substitution of tnie pieccM)f muslin 
for another. For by using several jneces of ]>reviouH]y wetttsl 
muslin in suceesslon, a large number of these iniuut(‘ organisms 
may be separalefl from the water; the pieces of muslin may l>c 
brought home folded-up in wdd<'-mouthed l>ottles, either sepa- 
rately, or several in tarn, according a.s tho iirgauisms afo obtained 
from one or from seveml waters; and they are then to be opened 
out in jars of lilti'red river- water, and exposed to the light, when 
tho Desmids will dtdach themselves. 

270. Pt'dliitifirw. Idle members of tins family w^ere formerly 
included in the preceding group; hut, though doubtles.s related 
to tho true Desmidtanur in certain particulars, they present too 
many points of difference to be properly associated with them. 
Their chief point of resemblance consists in the firmness of tho 
outer casing, and in the frcipient interruption of its margin either 
by ttie protrusion of ‘ horns’ (Fig. Ifil, a), or by a notching more 
or less iWp (Fig, 162, n) ; but they differ an these two important 
j>articulars, that the cells are not made up of two symmetrical 
fialrea, and that they ai*e always found in aggregation, which is 
not-^ except in such genera as AcomdcAoncf (Arf//rodcKinui», Ehr.), 
wluoh connect this group with tho pn'codiug- in linear series, but 
in the form of discoidal fronds. In tuis trilie we meet with a form of 
multiplication by aoospores aggregated into maero-youid ia f* vihich 

S(«fitiu*y soiVtpore!* or hftve licctj observed by I'muTi to make 

their v\ »y oat and swim awiiy ; bnt their subsequent hiVtoiy i« uTiknowti, 



MULTIPLICATION OF PRUUSTUE^K, 
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remmih x\b of the formation of the motile 8]>horosof Folrox 
and which takes place in such a manner that the resultant product 
Fm. 101. 



ViiriouK <>f (U v't*l<n>au’nt of rrdiofttrfun f/r/niulftfutn. 

may vary greatly in nunil)er of its o(‘]Is, ami (jonsoquently Loth in 
size ami in form. Tims, in J^f illdsinnn (jntnnhfficnt (Fig. IdJ), the 
zoosporeK forined by the subdivision of the cmbxdirome of one cell 
into gonidia, wliicli may bo 4, 8, 1(3, .‘32, or (>!• in number, c.scape 
from the parent frond still (*noloHe<l in the inner lunie of the <’OU ; 
audit is within thin that they develop theniHelvcs into n cluster 
resembling that in whi<di they originated, ho that w]>ilKt the fron«l 
normally eojiBists of sixteen ecibs, it may be ef)mpo8e(] of cither of the 
just-mentioned multiples or sub-multiples of tmit number. At a, 
is seen an old disk, of irregular shape, nearly (‘m])tied by the 
emission of its macro-gonidia, which had been seen to take-place 
%vithin a few hours previously from the cells fi, /», c, d. c ; most of the 
empty cells exhibit tlie cross slit through which their contents had 
l^en discharged; and where this does not present itself on the 
side next the observer, it is found on the other. I’hree of the cells 
stiU possess their coloured contents, but in different conditions. 
One of them exhibits an early stage of the subdivision of the endo- 
chrome, namely, into two halves, one of which already appears 
halved again. I'wo others are filled by sixteen very closely Kirowded 
gonidia, only half of which arc visible, as they form a double layer. 
Besides these, one cell is in the very act of discharging its gonidia ; 
nine of which have passed forth from its cavity, though still enve- 
loped in a vesicle formed by the extension of its innermost mem- 
brane; whilst seven yet remain in its interior. The new-boni 

r 2 
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family, aa it appears immediately on its complete emersion, is 
shown at b ; the gonidia are actively moving within the vesicle ; 
and they do not as yet show any indication either of symmetrical 
arrangement, or of the peculiar form which they are subsequently 
to assume. Within a quarter of an hour, however, the gonidia are 
observed to settle-down into ene plane, and to assume some kind 
of regular arrangement, most commonly that seen at c, in which 
there is a single central body surrounded by a circle of five, and 
this again by a circle, of ten ; they do not, however, as yet adhere 
Rrmly together. 'Ilie gonidia n(>w begin to develop themselves 
into new cells, incnuise in size, and <'orn<; into closer approximation 
(i>) ; and the edg«^ of each, <‘Hp(*cijilly in llie marginal row, presents 
a notch, which tbreshadows th<‘ ])roductioii of its charatjtoristic 
‘horns,' Within about four or five* hours after the escape of the 
gonidia, the duster has come to assume mudi more of the distinc- 
tive aspect of the species, the marginal cells having grown -out into 
horns (k) ; still. lu»wever, th<'y are not very closely connected with 
each other; and between the cells of the. inner row considerable 
spaces yet inttTveiie. Jt is in the course of the second day that 
the cells become chisdy appli(‘d to each other, and that the growth 
of the horns is completed, so as to constitute a ])erfect disk like that 
seen at f, in whi('h, however, the arrangement of the intenor cells 
does not follow the typical plan * 

271. The varieties which present themselves, indeed, l>oth as 
to the uumlKjr of cells in oa<*h cluster, and the ]>lan on which 
they are disposed, are such ;ih to baffle all attempts to base s]'>e- 
cific distinctions on such grounds; and the more attentively tht* 
life-history of any one of these plants is studied, the more evident 
does it apiH?ar tha,t many rejmt<‘d ‘ KiK*c*ieH' have no real existence. 
Some of these, iiideed, are nothing else than mere transitory 
forms; thus it ean scarcely be doubted that the Kis?cimen repre- 
sented in Fig, lt>2, n, undtrr the name of Vedldutt'fnn 
is in reality nothing else than a young frond of P. (jrantdainmt 
in the stage represented in Fig. l(il, k, but consisting of J5*2 cells. 
On the other hand, in thg. 102, k, we see an emptied frond of P. 
ffTimukxfum^ exhibiting the ixvuliar surface-marking from which the 
mam© of the species is derived, but composed of no more than eight 
cells. And instances every now and then occur in which the frond 
consists of only four ctdls, each of them presenting the two-horned 
Ho, again, in Fig, lfi2 n and e, are shown two varieties of 
JPmiadmm hlradiaiim^ whoso frond is normally composed of six- 
teen cells ; whilst at a is figure<l a form which is designated as P. 
^(ras,bat which may be strongly suspected to be merely a four- celled 
variety of b and c. Alany similar cases might be cited ; and the 
Author would strongly urge those Microscopists who have the 
requisite time and opportunities, to apply themselves to the deter- 

• Prof. Rman on “T!»o Fhenommion of llt‘juveuesc«nce in Nature,^* 
ntihlitihed by the Ray Society iu 1R53; aiul his sulwcqaent Memoir, ** Algartim 
unkellulsrum Genera nova «ut mimis cf^iifa,^* IBoo. 
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inination of the real speciee of theee ffroops, by studying the 
entire life-history of whatever forms may happen to He within their 

Fm. pii. 


>» 



\ .iriuu^ of /*. itiruH i H, r. T. Inni'iiatmu ; 

l», l\ pert tan ; ^ fiond <»l /*, urontihitian, 

rriu’li. and notinj' all the varielioH which ]>r(‘Kenl theinsolvos among 
the oilsetH froin any one slock. 'J’he <;haructerH of such varietum 
are diliVised by the j process of binary Hubdivinioii amongHt vast 
multitnde.s of s(eoalled individuals. Thus it liappenH that, as Mr. 
Ralfb has rinnarked, “one |>ool may al>ouiid with individuals of 
ill dvjnrtniii or Arfh rtnfrHiin's ianiH, having the mucro 
curve<l outwards; in a neighbouring ]»ool every specimen may 
have it curved inwards ; and in another it may Ihj straight, 'i’he 
cause of the similarity in each pool no doubt is, that all its plants 
are offsets from a few juimary ironds.” lieiK't^ tlie universality of 
any particular charuiiter, in all the specimens of one gathering, is 
by no means sufficient to entitle these to take rank as a distinct 
species; since they are, properly speaking, but repetitions of the 
same variety by a proeesg of simple mnltiplieation, njally rejiresont- 
ing in their entin* aggregate the one plant or tree that grows from 
a single seeil. 

272. Diatom CE. i:.— -The -»e, like the DeHinidiacea’, are relU^ 

having a firm external coating, within which is included an ‘endo- 
chrome’ whose superficial layer constitutes a * [>rimordial utricle •/ 
but their external coat is consolidated by s<7/v% the pntsenct* of 
which is one of the most distinctive characters of the group, and 

f ives rist‘ to the peculiar surface- markings of its menihers (§ 277). 

t has been thought by some that the solidifying mineral forms a 
distinct layer exuded from the exterior of the cellolose-wall ; but 
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tboro secm#i good reason for regarding tliat w«all as itself interpeue- 
traied by the silex, since a membrane bearing the characteristic 
surft^e- markings is found to remain after its removal by hydro- 
fluoric acid. Q’he ‘ endochrome * of Diatoms consists, as in other 
plants, of a viscid protoplasm, in which float the granules of colour- 
ing matter. In th(^ oruinary condition of the cell, these granules 
are diffused through it with bderable uniformity, except in the 
central sjmt, which is occupied by a nach'tts ; round this nucleus 
they commonly forma ring, from which radiating lines of granules 
may be seen to diverge into tbe cell-cavity. Instead of being 
bright green, however, the endochrome is of a yellowish brown. The 
princi]>al colouring Bubhtance aj)pearH to be a modification of 
ordinary chloro])hyll ; it takes a green or greeuiBli-blue tint with 
sulphuric acid, and often assumes this hue in drying; but with 
it is combined in greut(*r or less proportion a yellow colouring 
matter termed o.fv ?>#/// ///, wlmdi is very unstable in the 

light, and fades in drying.* At certain times, oil-globules are 
observable in the i>rutol>iasin ; these secTii to represent the 
Htarch-gramdes of the Oesmidiacea* (§ ‘Jfd) and the oil-glo- 
bules of other Ih'oiophytes (§ 'Jd'd). A di.stinct movement of 
the granular particles of th«‘ endochrome, closely rcvsembling the 
eyclosis of the I )(‘S]in(lin('e:e 'JtrJ), has been noticed by Jh'uf. W. 
Brnithf in some of tin* larger s[»ecios of Diatomnccao, such as 
iSunroilu hiavrifiiif, Kit':^rfn'ii snjlaris, and ( ’anijujliHUsrnx speruLV; 
and by Prot. Max SchuU/e]J] in (-'o,sc/i/o(Lsra.s’, and 

iih'ho8(>le/titi : but this movement ha.s not the regularity so re- 
markable in the prece<ling group. 

27IL 'I'he J)ii(h>unti'in' seem to have received their name from tin* 
readiness with ’\vhi< h those forms that grow in coliereut masses 
(which were tlu»>»' with which Katuralist.s linst became acquainted) 
may be cn/ or /o’o/.' t’fhroKffk ^ hence they have been also desig- 
nated by tlie venuK'ular term ‘ briitle-worts.’ Of this we have aii 
example in the enmrnon l^iatoiua (Fig. l/ilj, whose component cells 
(which in this tribe are usually <h ^igiiated as frunfalvi^) are some- 
timea found adherent side by side (as at b) so as to form filaments, 
but are more commonly met-witli in a state of partial separation, 
remaining connected at their angles only (usually the idfertwfr 

* A full .'u'C<uuit liy M. Prti! of n-cout Cln'inioitl and vSj>f>ctrosi’opio iuvesti- 
gatioiis on tho «’ndi»« liro!uo of Piatoins, will be found lu “Jouni. of Hov, 
IficroHo. Soc.,” V*>1. iii. (IHsi ), p. cse. 

t Tbe Rfcount *>f lUo DiaUmac tr here given, is cJiiefiy Imsed ou tbo valimhle 
** SyiioxJsis of tht( biatKiiiaeeap/’ l>y th<* late I’rof. 8mith ; of wliicln 

and ol its UaiiMilnl illnstrations by Mr. Tuffeu West, the Author has l>e*‘n 
unablHl to wake friH> use by the hlR'iaUty of Messr-s. Beck. In tlio sketeh h«‘ 
lUMj given of tbo Hystematie arrangonii ut of the group, however, ho has fol- 
lowed the Clttssiiloation of Mr. Ihilfs (iTitehanl'.s ** Infusoria,'’ 4th edition), A 
mom rn’ent Clu-vsilit'otion pi*ojx>t,rd by M, l aul Petit will be found in do* 
‘'Monthly Jounial of the Miemtwopical tSoeietj,*' Vol. xviii, (ItiTTl pp. 10, bo. 
Tim new Monograph of the grmu>b3- Prof. llHiuilton Smith (IhH.X aummneed 
as forthcoming, will doubtless sui^'i-sedi* all previous descriptions of iL 

4 “Quart, douru. of Mierosc. .Seieuce,'’ Vol. vii. (lkf>0)> p. 10. 
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augloji of the contigumis friistules) so as to form a zigzi^ chain, 
A similar oohesion, at the angles is seen in the allied genns Gritnmut^^ 
(Fig. 174), in Jxtiimia (Fig. 181), and in miiny other 
Diatoms; in JJiddidiflua (Fig. 107) there even hcenis to be a special 
organ of attachment at these points. In some Diatoms, however, 
the frustules produced by successive acts of binary sulidivisiou 
habitually reiuuiu coherent one to another, and thus arc produced 
hlaments or clusters of various shapes. 'I’lius it is obvious that 
when each frustulo is a short cylinder, an aggregation of such 
cylinders, end to end, must form a roumled tiiamenljUs in MelovIfV 
(Figs. 177, 178); and whatever inuv hi‘ the form of the sides of 
tlm frustuh‘s, if they he parallel one to the other, a xirnhjlii Hhuneut 
will be ])roduceil, as in Arhnroitlifu {Vig. lb'*'*). iJut if, instead of 
being parallel, the sides be sonuovhat inclined towards each other, 
a r^niH'd band will Ik? the result; ibis may not continue entire, but 
may so ilivhde itself as to form fau-sha]a*d e\'|>ansioiis, as those of 
Lirh}iLa^thih'(i flahvllatd (Fig. 17*J); or the cohesion maybe suflicient 
t*") occasion the band to win<l itself (as it wen‘) round a central 
axis, and that to form, not nu?roly a complete circle, but a spiral of 
several turns, as in Mt vidioi) rurnlnn' (Fig. 170). Many Duitoms, 
again, pits-^o-is a or stalk-likc appcinlag**, l-y which aggrega- 

tions of frustules arc attached toother plants, or to stones, pieces 
of wood, ; and this mav be a simple loot-like appendage, us in 
Aidnumtlo ^ luH'jip'-H (Fig. IHr,), or it may })i' a composite plant-like 
structure, as in l/!( hhiophtu'a (Fig. 1721, (Fig. 18d), 

and Maafniihnri, (Fig. 189). Litth? is known rcsjKuding the nature 
of this stipes; it i^, liuw(‘vcr, (juite Ilexihle, and may be couceiveAl 
to be an extension of the cellulnse coat nueonsolidaUjd by silex, 
analogous to tluj prolongations wdiich have been seen in the 
tt' (§ 2i>l), and to the tilaments wliich sometimes connect 
the cells of the (§ 212). H<»rne Diatom^, again, have a 

mucous or gelalinons investment, which may even be so substantial 
thatth(?ir I'nistules lie- as it were - in a bed of it, as in 
(Figs. 181> n,* 190), or may forma sort of tubular sheath to them, 
as in 8rhr:^<fi('iii‘i (Fig. IHH). In a large proportion of the group, 
however, the frustules arc always met with entirely ; 
neither remaining in the least degre*.* ladiermit on(‘ to another after 
the jirocess of hmary subdivision has once been (jompletod, nor 
being in any way connected either by a stipes or by n gelatinous 
investment. This is the case, for example, with Trlcf^ndithu 
(Fig. Ibf), VL?iiroin\/t,ia (Fig. 1<I5), Adinorpchm (Fig. 121, h, b)* 
Aeiin*>pt pchm (Fig. 1.80), *lr<n;/iao/d/jsca« (Plate xi.), 

(Fig. 170), Sarirtlbi (Fig. 17o), ConcltiodiHcus (Fig. I9l, r/, n). 

Iletlopelta (Plate i., Fig. ;i), and many others. Tlie solitary diacoidaJ 
forms, however, when obtained in their living state, are commonly 
found cohering to the surface of Seaweed.s. 

274. We have now U) examine more minutely into the curious 
structure of the silicified casing which encloses e/ery Dia^m-csdl 
at ‘ frustule,’ and the presence of which imparts a peculiar int<*rest 
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to thfe grotpp ^ not meroly on acconut of the elaborately-marked 
piMstem which it O;fton exhibitw (Fig. 277), but also through the perpe- 
tnittion of tho minutest details of that pattern in the specimens 
obtained from fossilized deposits (Fig. 299). This casing consists of 
two itahes or plates, usually of the most perfect symmetry, closely 
applied* to ea^ other, like the two valves of a Tecten or otheV 
bivalve sbell, along a lino of junction or euture ; and as each valve is 
more or less concavo-convex, a cavity is left between the two, which 
is occupied by the cell-contents. Tne form of this cavity, however, 
varies widely in different Diatoms; for Kometimes each valve is 
hemispherical, so that the cavity is globular; sometimes it is a 
smaller segment of a sphere resembling a watch-glass, so that the 
cavity is lentienlar ; Homotimes the central portion is completely 
dattened and the sides abruptly turned-up, so that the valve 
resembles the cover of a pill-box, in which case tlie cavity will be 
cylindrical; and these and other varieties may co-exist with any 
iiKKlificatioiiH of the contour of the valves, which may Ik? square, 
triangular (Kig. heart-shaped (Fig. 17^), boat -shaped (Fig. 
17oi a), or vei'v much elongated ( Fig. 173), and may l)e furnished 
(though this is rare among Diatoms) with projecting out-growths 
(Figs. 182, IH*;). Hence the shaja' prescntetl by the frnstule differs 
completely with the aspect under which it is seen. Jn nil instances, 
the frustule is eouaidered to present its * front ' view when its 
suture is turned towards the eye, as in Fig. 17*\ n. c; whilst its 
‘ side ‘ vi<*w is seen wlieii the centre of either vjilve is directly 
beneatli the eye (v). Although the two v:ilv(‘s meet along the 
Buturo in those lauvlv-lonned frustules which have been just 
produced by binary subdivision (as shown in Fig. b>7 \, c), yet as 
Boon as they liegin to undergo any increase, the valves separate 
from one another; aiid by the silicification of the c(dl-memhrane 
thus left exp<‘M*iJ, a pair of hoop^ is formed, eacli of which is 
attached by one edge to the adjacent valve, while the other edg(‘ is 
free. As will he prv'sontly evplaiaed, one of the valves is always 
older than the other ; and the h(Kq> of the oiler valve partly encloses 
that of the y onager, just as the cover of a jnll-hox surrounds the 
upper i»art of the box itself,* As the lanvly-formed cell increases 

• This WttH lonir ptiinteil out by Dr. AVullieh in hi^ huportniit Memoir 
tlio ‘ Dov<!b>|mii'i(t 011(1 Struetim* of the Dmtom-vahe’ (“Trunsoet ol 
Hicnmc, N.S. V«»l, vm., lst>o, p. bu! tii.s oUservniion sftnws not to 

h»Ve uttrachsi ttie notice of until in ISTThe rnlle<l atft ution to it in 

a more explicit niaiuier (“ Monthly Microsc, .lounu,” Vol. xvii , p. til). The 
coTtoctneHi* of his has bet'u continued b\ the dihtingniwln'd American 

Didtomlst; IVof, W. Jbiinillon Smith; but aa it ha.s lieen <‘alled in (piestion by 
Mr. J, D, Cox (“American Jourmil i»f Microt,cop\,'' Vol. iii.. 1 h7s, p, 10()), who 
asserts that in htkmia theiV' are three hoops— two attached to the two 
and tho Uiird overlapping them ladh at tlieir line of junction,' — tlu* Author hae 
himself made a very careful examination of a hirgo series of .‘»j»eeinieus of 
/«rAmffi and JliiMttfphh, the of which has fully i<ati)^fi('d him of the 

et>mM?tm*SR of Dr, 'W'alHoh’H original deSi'Hptiou. 
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in length, separating the valves from one another, both hoope 
increase in breadth by additions to their free edges ; and the outer 
hoop slides oif the inner one, until there is often but a very small 
‘ overlap/ As growth and self-division are continually goitjg on 
when the frustules are in a healthy vigorous condition, it is rare to 
tind a specimen in which the valves are not in some degree sepa- 
rated by the interposition of the hoops. 

:i75. The impermeability of the siliciHed casing renders neoes> 
sary some 8]>ecial aperture, through wiiich the surrounding water 
may ooini? into relation with the contents of the cell. Such aper- 
tures are found along the whole line of suture in disk-liko frustules; 
but when the Diatom is of an elongated form, they are found at the 
extremities of the frustules only. They do not appear to be abso- 
lute perforations in tlie envelope, but are meredy points at which 
its siliceous impregnation is wanting; and these are usually indi- 
<uited by slight dopressioiiH of its surface. In some Diatoms, as 
i^nrirelhf (Kig. I7d) and (Jnmptfh^dinrHit (Fig. 17b), tlujse iutev- 
ru])tions an^ ctinnected with what were tliouglit, by Prof. W. Smith, 
to be minute canals hollowed out ludween the silicified casing and 
the membrane investing the endochrome ; but the apparent canals 
are really internal ribs, or projeotions of the shell, showing its 
eharacteristie * beaded’ structure under sutliciently good objectives. 
— ‘lu many genera tlie surfaeti of each valve is distinguished by the 
presence of a longiludinal band on winch the u.sual markings are 
deficient, and this is widened inr.o sin.all expanHions at the extre- 
mities, and KonudimeK at the centre also, as W(3 see in rimroMiffma 
(Fig. PUjand OoinplunioiKi (Fig. 18(i); Imt this band is merely a 
]»fjition in which the silicitied casing is thicker than it is elsewhere, 
forming a sort of rib that gives firmness to the valve, its expan- 
sions iM'ing solid of the same substance, d’hese noduleK 

were rnistak(‘n by i*rof. Khrcnberg for upvrivrvs ; and in this error 
he has la^en followed by Kiitzing. There cannot any longer* how- 
ever, be a doubt as to their real nature. 

The nature of the delicatt! and regular markings with which 
j)rol>ably every Diatomaceous valve is beset, has been of late years 
a subject of much discussion among Microseopists ; but on iTertain 
points there is now a general convergence of r>pinion. There can 
be no longer any question as to the nature of the comparatively 
coarse areolation seen in the larger forms, such as Jstkm /V/'(Fig. Ifpl). 
Trif'f miinvi (Fig. D>4), and lUdfhdphia (Fig. 167) ; in all of which 
that structure can be distinctly seen under a low magnifying 
power and with ordinary light. In each of these instances, we see 
a numljer of symmetrically diHp>ORed ureohf\ rounded, oval, or 
hexagonal, with intervening boundaries ; and these have now been 
unmistakably proved to be deprefiHionHf lying in the intorspaces of 
an elevated reticulation. The reticulation presents itself in clear 
rdwff when viewed Binocularly with a snflicmntly high jM>wer; and 
the depression of its interspaces becomes manifest when an 
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0 k %0 is obtained of a curved surface* such as that of a valve of 
— Both the depressed areoltu and the intervening network 

Fig- KJJ. 



of Diatonjs i)rcH(>uting nroulatiou, wlun examined wiili a 
Mulficient magnifying |h)w*m\ show tlie ‘headed’ aspect character- 
iKtically displayed in JVe/f/,/s/‘///en (Fig Jdr»); and lliis is 



• rrii'rnUiHm jUrus : -a, side viv U'; 1$, friMit, view 
also well seen in some hj>t‘cies of AriiH>>rtf( his and C<tt^cl)iodUcny, 
and in the Uamtifnl llvUvin Ua (Plate i, Fig. d).— The observations 
of Mr. Stephensou on ot'nhta Iridifi (§ 28 i^), and of 

• Whew sweiiuens of Bmtoms which exhibit this nn'olation are examined by 
« test of I* oral adjustment (§ 1iVi\ it is found that it they nre nionntod in 
am, the opti<‘al efftads are reversed; the are< t beiuj? mado to look 
elevations) when the distaiuvof tin- obji ctiv [,au(l 

when It is d.imiuish<*(i. This, however, is readily explicable by fact that 
the n^fractive power of the Balsam is prtuiter than that of the Bilicified valve; 
so that the prodoruiuant efFtvt will be produced by tlu* coiivcxities formed in 
tho medium by the conowities of the object (S«e SohuHxe in ‘‘Quart Jonn». 
t»f ISirrosc. Seieiice.” Vtd. iii., N.H., 186S, p. 131.) 
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Mr. Shculbolt on AnichmidUcus (§ 291), leave no doubt tliat in 
those Diatoms the silicified valve is coiiij>osed of two layers ; and 
the same is probably the case iu all those forms which present a 
Hurface-areolation. Appearances are seen, too, in other Diatoms, 
which seem to indicatt,* that in them also the valve consists of two 
layers.* 

277. The ‘}>eaded’ aHj>ect (Fig. Ibb, a), which is generally, if not 
universally, discernible in the Hilicified t^nvelopes of DiaiomH^ when 
<*xamined under a sufficiently high magnifying power, and with an 
illumination spet'ially adapted to display them, is now usually 
regarded as in<iicating that the silit-ilied tmvelope is composed of 
globular j)artiele.s of silex, closely set together in regular rows.t 
And f>u tliis vi(*w (»f their nature, it is on the dimensions 
of their eomponent siilierules, and on tlic mode in which they are 
disposed, that those peculiar markings ol certain Diatom-valves de- 
pend, which render tlu;ni of special value as Test-objects (§ Kil). Such 
valves have been eoninioidy .spoken of as marked hysE’/tc, longitudinal, 
transverse, or obli<jue, as the case may he; hut this term does not 
e.\:pre.ss the real nature of the markiug.s (the apparent llnea being 
resolvable )jy Oh jecUves of sufficient magnifying power and angular 
aperture into nurx <if dots), and should only bo used for the sake of 
concisely indicating the degree of their ajjproximation. If we examine 
PlvnrofiifjiHif aid/ubiJitui, one of the t'usier te.sts, witli an Objective of 
1-tth inch f«.>cus (having an angular a])ertnro of 90'^ and a magni- 
fying [X)wur of boo diameters), we shall see very much what is re- 
presented in Fig. Ibb, i; ; namely, a double series of somewhat 
mterru[>led lines, crossing each other at an angle of bO degrees, so 
as to have bet Ween them imperfectly-detine.d lozenge- shaped spaces, 
WJien, howevei, the valve is cxamin(*d with an Objective of higher 
power, liaving an angular aperture of 120'"’ or more, and a magni- 
fying power of 1,200 diameters, an aptiearaiice like that represented 

* Mr. St.Kid' r(f>f U S.), ‘‘On fh(' Structure of the Vtilvo of 

tlie Diutomnrt'if, ' n\ •O.^ujirt. .)t)uni. of Micr(».si*. iScic-ncr/’ Vol. iii„ K.8. 
p- 214 ; «!h<i Ettlfn, Oj*. cit., vi. (isOHj, j,. 214 ; niui b'^laiulB, <Jp. dt., Vol. 
V iii. p. 27, 

t 8< o l>r. WuDirli's I’apM^ mi ihi.s subjrct in “Qunii.. Jnum. of Microsc. 
\'ol. vi. OS.VS), p. ‘JJT ; *• AnnsOs of Nat. Vol. v. Hifr. 4 (Feb. 

IHOU), p. 122 : tni'l “ 'I'onis. of Mirn^Hc. Soc.,” Vol. vniu, N.S. (IHtiU), p. 121). See 
also Nornuui in “ <^uinl. .fouru, ui Mujrosc. Sd.,” V'oi. ii., N-S. (fmi p.2l2.— 
Mr. Wculiam, wbo ai oim* tine* iurlintMi to tho opposite bditd, (when Dr. 

Walhch’s I'jiper wa.-, read b-bm* the Microw;opn;jil Society), as the njsult of 
nbxcrvfltioiiri made vsith an Objective of l-.'ioth inch foens and large aperture, 
that the valves arc cotnixisx-d wholly of sphencal pailidos of sileX, 
ing high ndmetive power; and he showed bow all tho various optical ap- 
jK»-anuiceH pre?v<intod by thft difft reiit apecies could reconciled with tow? 
supjKisition tbat their structure ia uuiverwdly the same,— •lb*<:our«e has been 
liad, with X certain measure of success, to the production of ‘arlilicial Diatoms* 
by the deposit of sil( x from its tiuoride; thin lilms being foiiaed, which ex- 
hibit a ‘la^atled* structure, often aiTangi'd iu vary regular p«tb*ru». 800 Um' 
Memoir of l‘rof. Max Schultze, abstractod iu “Quart. Jourw. of Microsc. Scii’^ 
N.H., V"ob iii. (istijl), p, 120; and Mr. Black’s Fajicr in “Monthly Mlcrosc* 
JouTU.,” Vbd. iv. (1^70), p. J{<1. 
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in Fig. 166, a) may be obtained, namely, a hexagonal areolation. in 
which the areolae can be made to apjwjar light, and the dividing 



ChnUiV’ “t‘ i (/>4(iilrith(iu. ns snMi uiirirr n ))o\v<t <»f 4U0 

(liiimoters : at a, >«, D, ar** shown iJn- dir*‘rn.»n,s t*f thn linns sren uuiUm* 

H {K>wor of tin* ilhimituif mg rays falling <»hli(iin’)y (in each cast^ 

•'*’ '‘1 at r -‘ns to Ihr linrs; at K nrr ^hown two sots of 

lincK, a«t ii wh at ho obli<|no ^l\^ fall in tin- diroi'tion of tho midrib; 
and ut C i tho ajipourjinrr of tho markings wlnin illumiuatod 

with an Ac] roma ir t’ornirnm-r of largo iinguhtraporluro, tin* sphoniles 
thi' f , and tho }>ortion loft blank showing thooblitora- 
tiou of tlm imrkii <bynn»istmo 

network dnrk, or ricv rmd, according to Iho adjuBtmcnt of the 
focus (Fig. llo). That the areola' are nere c?rroG*on«, and not (like 
those of Triceratum) depinislons^ U indicated b}^ the comparative 
resnlts of the examination of fractured valve.s. For in Trtceratwm 
the fractures pass throiigh the apparent depressiotis, and coincide 
with various optical indications in establishing their reality. Frac- 
tured valves of i*. (xn^julattmi and allied «pi‘cie.s show that the 
weakest parts are hctieern the bead-rows ; and single beads may 
often be *seen terminating a sharp angular lortiou. Further, when 
specimens of rimirosipma mounted beneath glass have had their 
markings obscured by moisture, the ob8(.*nrity is dissipated by the 
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application of a gentle heal, in a way that w readily explicable tm the 
supposition that the markings are elevations, but seems umntelli- 
gible on the idea < >f their 1 leing d6pi*eHHion h.* N utwithstaudiug thoHc 
i'onsiderations, however, it must be freely admitted tlmt there is still 
«,'onsiderable uneei’tiilnty resju'etiug tlni real Htnieturo of the Oiatom- 


A 


I'K 



Portions of Viiive of rUun^ifftutr ungnJutuin^ «« seen nndiT a mugnifyin^? 
power of 2,000 fitHne terM, with rentral illiiiihnatiou ; from a rhotogmpli hy 
t'jirl (illuther in the jmsseKsion of the ih*yul Mierosi-opieal tioeiety, 

A. Normal hexagonal ar«‘f)lal.ion ; areolas bright cir«*le«, stn roundiKl by dark 
hexagons. 

B. lu npj>er prti% areola? and th<‘ir dark Imrders graduating from rircular to 
*dliptiettl; in lower part, dark lK»rd«?rH etwilescing laterally, so os to give tbo 
app<(*arui)c« of eoutiniiouH veriieul lineali«»n. 

€. Areolm larger, bright/T, and joore eliiptieftl ; their dark k^nlers coaleseiug 
laterally, so as to form very doeid«al vertic*al lineation. 

IJ. Tniusition from hexagonal to trinngulur areolation, with thre<f series of 
dark lines, one horizontal and two oblique. 

valve. For it cannot be jKwitively assertfid tliat the focal odjnst- 
ment which gives the image represented in Fig. Ibd, a, is more 

* gee Mr. G. Hunt m “Quart. Jonrn. of Microsc. iSch” Yol.iil 174. 
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eorwt than that which gives the equally distinct imugen r, (’, i> of 
other parts of the Harae valve, of which tin^ last departs in the 
mcmt marked manner from what is commonly regarded as the 
normal type. And now that it has been shown that these images 
are not formed dioptrically, hut are resultants of the conibination 
of numerous Milfractiou-vS|^K‘ctra’ (§ 1^7), it is inij>ossihl(‘to entertain 
the same confidenc(! as he fore that tlnw tnily the surface 

marking they are supposed ia repr(‘seiit. B) iMr, Ste]>h(;nson, who 
has made a B|wcial study of the efl’eets of the imnu'rsioii of Diatom- 
valves in very highly-refracting media, it is believed that the light 
»|>a<JeM really represent apertures 2^0). Mdie question must 
regarded, therefon*, as still an open one. 

278. Multiplication hy Binary snlMlivision taK(\s place among t))(* 
Haiornacccc on the same general j»lan as in the DeNniidia«*.ea>, hut 







J^^iuiphia ptilHttfhi : — chain of cells in clif- 
staU^B; n, full size; b, elongation jncjwj- 
mtory to Bulxtivision ; c, fomuition of two new 
c, youug cells t — n ciui-vi'‘\v r, sidc- 

vfew of s cell more highly magnifit tl. 


with sonic modifications 
iticidcjit to the peonlia- 
ritics of the structure 
of the former group. — 
'rh<‘ first stage consists 
in the (dongation of 
the ct'll, and the fonmi- 
tion (d a ‘hooii’ atlhe- 
rent to eaeh end -valve 
27 D, so that the two 
val\('s are separated by 
a hand, which progres- 
siv(‘ly iucn'ases in 
breadth by addition to 
the free edges of the 
lioo]»s, as is well seen in 
Kig. 1()7 V. In the newly 
formed cell c, the two 
valves are in immediate 
apposition; in d, a band 
i liter vem*s ; in o, this 
band has become much 
wider ; and in h, the in- 
crease has gone-on until 
the original form of th(' 
cell is completely chang- 
ed. At the same time, 
the ond(K‘.hrome sepa- 
rates iuto two halves; 
the nucleus also suIkH- 
vides in the manner for-. 


merly ebown (Plate viu., tig. 1, g. u, i) ; and the primordial utricle 
foldsdu, BrsHorming a mere constriction, then an hour-glass con- 
traction, and finally a complete double |>artition, as in other instance-s 
(§ Bb2). From each of its adjacent surfaces a new siliceous valve 
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is formed, as shown at Fig. 1C7» a, c, just as a now cellulose-wall is 
generated in the subdivisiuu of other cells ; and this valve is usually 
the exact counterpart of the one to which it is opnosod, and forms 
with it a complete cell, so tliat the original frustuU^ is replaced by^ 
two frustules, each of which has one old and one new valve, just as 
in Desmidlacem (§ 2G4). (Jouerally speaking, the new valves are a 
little smaller than their predecessors ; so that after r(‘j)eatt^d Huh- 
divisions (as in chains of Lsthviiif), a diminution of diameter 
l)ecomos obvioxis. But sometimes the new valves are a little larger 
than their predecessors ; so that, in the filamentous spo<tle8, there 
may be an increase sufficient to occasion a gradual widening of the 
filament, although not perceptible when two oontignons frustules 
are compared ; whilsf,, in the free forms, frustules of diftefeut sizes 
maybe met with, of winch the larger are more numerous than 
the smaller, the iucivase in number having taken place in geome- 
tncal progression, whilst thut of .sizt‘ was uniform. It is not 
always clear what becomes of the ‘ lioojj.^ In (Figs. 177, 

178), and perhaps in lb«* fllaniimtous species generally, the ‘hoops’ 
appear to keep the new frustules united together for some time. 
'Phis is at first tin'! case also in hliidnljthUt and hthnila (Fig. 181), 
in which the continued conms'tiou of tlie two frustules by its means 
give rise an apj^carauce of two complete frustules having been 
developed within tin' mngiiial (Fig« 1G7, a, c) ; Hubscfiuently, how- 
ever, tne two now friistul's slip out of the liooj), which then be- 
comes comph If.’ly dotacln'd. d’iie sariu' thing happens with many 
other Diatoms, so that the ‘hoops’ are to he found in large numbers 
in the settlings of water in which these plants have long boon 
growing. But in some other cases all trace of the hooj) is lost ; so 
that it may bo (picstioned wln'ther it has ever been proj)crly sifici- 
tied, and wdietlicr it iloijs not become fused (as it were) into the 
gelatinous cnvelo[)(‘,- During the healthy life of the Diatom, the 
process of self-diviftiou is continually being repeated ; and a very 
rapid multiplication of frustules thus takes ]dace, all of which (as 
in the cases already cited, §ij 2211 271), must be considered to l>e 
repetitions of one and the same individual form. Hence it may 
happen that myriads of frastules may he found in one locality, 
uniformly distinguished by some peculiarity of form, size, or mark- 
ing ; which may yet have had the same remote origin ns another 
collection of frustules fonud in some different locality, and alike 
distinguished by some peculiari^ of its own. For there is strong 
reason to believe that such difmrenci^s spring-up among the pro- 
geny of any true gouratlve act (§ 229) ; and that when that pro- 
geny is dispersed by currents into different localities, each will 
continue to multiply its own sjiecial tj'pc so long as the process of 
self-division goes on, 

279, It is uncertain whether the Diatomacem also multiply hj 
the breaking-up of their endochromc into segments, and by the 
liberation of these, either in the active condition of * zod9|>ore8/ or 
in the state of * still ’ or ‘ resting’ spores. Certain observations by 
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Focke,* however, taken in cOanoction with the analogy of other 
Pyotophytea, and with the fact that the Kygospore-frustulea almoat 
certainly thna multiply by gonidia (§ 2®)), aeom to justify the 
ooncluaion that such a method of multiplication does obtain in 
this group. And it is not at all unlikely that very considerable 
difierences in the size, form, and markings of the irustules, such 
as many coiiHider sufficient to establish a diversity of species, have 
their orimn in this mode of propagation. It secniK probable that, so 
long as the vegetating processes are in full activity, multiplication 
takes place in preference by self-division ; and that it is when 
deficiency of warmth, of moisture, or of some other condition, 
gives a check to the.se, that <he formation of encysted ‘gonidia,' 
having a greater power of resisting unfavourable inlluences, will 
take-place ; whereby the species is maintained in a dormant state 
until the external conditions favour a renewal of active vegetation 
(§2:U). 

2H< K ( ’onjiigatiou, so far as is at present known, takes (dace among 
Fio. IGH. 


A B ^ »> 



( ‘onJugJition of Epithf^mia turtmln front viow of single frustule; 

It, wdo view of the sann? ; c, two frustuics with their concave surfaa^s 
in dose apj^ositioii ; n, front view of one of the fnifltnles, showing the 
sepcuTfttioii of its valvt^s aU>ng the suture ; K, i\ sitie and front views 
after the foraiation of the zygospores. 

the ordinary Diatomaceae almost exactly as among the Besmidi* 
except that it sometimes results in the production of two 
* ** rhysiologiseb. Studien,'" Heft ii., 1S63L 
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‘ zygospores, ’ instead of a single one. Thus in StfrlrAhi (Fig. I7r»), 
the valves of two free and adjacent fruatnles separate from oaeli 
other at the sntures, and the two endochromes (probably included 
in their primordial utricles) are discharged ; these coalesce to form 
a single mass, which becomes enclosed in a gelatinous envelope; 
and in due time this ‘ zygospore’ shapes itself into a frmstule 
resembling that of its parent, but of larger size. But iii Epifhmntif. 
(Fig. 108, A, Ti)~the tirst Diatom in which tin* conjugating process 
was obaerv(‘d by Mr. Thwaitos* — the endochronie of (^ach of the 
conjugating frustules (o, n) appears to divide at th(' time of its dis- 
eliarge into two halves ; each Inilf coalesces with half of the other 
endochronie; and lb us //eo ‘ zygosjiores* (r, v) are formed, wliich, 
as in the preceding case, become invested with a gt'latinous en- 
velope, and gradually assume the form and markings of the 
parent-frustnlcs, but grow to a very much larger size, tluj Hjiorangial 
inasHes having obviously a jiower of sidf-incTease up to the time 
when their envelopes are consolidated. It seems to be in this way 
that the normal size is r(‘eovered. aftiT the progr(‘ssive diminution 
which is iiici<lent to n'peabul binary mnlti]»li<'ation (ij ‘J78). Of 
the Huhsequout history of the * zygospores,^ much remains to be 
learned ; and it may not bo the sann? in all cases. Appearances 
have been seen which make it almost ceviain that the contents of 
eacli zygospore hreak-up into a brood of f/fo/o/of, and Unit it ia from 
those tliat the new getuiration originates. These gonidia, if 
each be surrounded (as in many oilier cases) by a distinct cyst, 
may remain umleveloped for a considerable )>eriod; and they must 
augment considerably in size bcb^rc they obtain the dimensions of 
the parent I'nnstule.— It is in this stage of the process that the 
modifying inHuenoe of exUnmal agencies is most likely to exert its 
effects; and it may be easily conceived that (as in higher J^lanls 
and Animals) this inliuence niay give rise to various diversities 
among the ri'spectivc individuals of the same hrood ; whicli diver- 
sities, as we have seen, will be transmitte'd to all the nuietitioriH ot' 
each that are pro<luccd by the self-dividing process. Iicucc a ver\' 
considerable latitude is to bo allowed to the limits of Species, when 
the different forms of Diatomacem are compared; and hero, as in 
many other cases, a most important question arises as to what o/V' 
thofse limits — a question wdiich can only be answered by such a 
careful study of the entire life-history of every single tyj>e, as may 
advantageously occupy the attention of many a Microscopist who 
is* at present devoting himself to the resolution of the rruirkiags 
on Diatom-valves, and to the multiplication of reputed s]>ecies by 
the detection of minute differences. f 

♦ See ‘‘^Annals of Natural History,” Ser. 1, Vol. xx. flHtT', ]>]). ft, j rtiid 
Ser. *2, Vol, i. p. 161, 

t fcjiie on this subjoot a valuable Paper by Prof. W. Smith ‘ Ou the Dotermioa- 
tion of Spocics in the omacticp* in the"“ (iuart. Jouni. of Mi< rf)«c. 8ciijnc4% 
Vok iii. (Ih55), p. ISU; a Memoir by Prof, W Grcgoiy ‘On Slinjw* of Outhn#' 
as a specific character of VUrtomacf’it,* in “ Tnms. of Mimsc. 8oc./’2iid Senes, 
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281. THe formation of what are termed ‘ auxospores’—as sei^ving 
to angnicnt the size of the cells which are to give origin to a new 
generation — takes place ou a very different plan in some of those 
filamentous types, such as Mehmm (Figs. 177, 178), in which a 


Fio. ir/J. 



(?) of //oA'm { iK/frco,srif'(i 

1, lilaiiu'Ht ; 2, filumriit {l'‘V(*lo)>i)^g :uixo- 

Hffori'R ; o, fi, r, Huccossivo htup'«; iu the formation of auxooporos ; Ji, 
auxoBpuiv-fniHtuloH, in f<uccof>MV«- o, 6, r, of mulrij>iie{itioii. 

! inoiiualitv pr<*-Hent.M itself in the diaim'ters of the different 
cells of the same filaments, the larger ones Isdag usually in various 
stages of binary sTibdlvisiou, by which tbey multiply themselves 
longitudinally. A<*cordiug to the observations of Mr. Thwaites 
(?o€. r*/7.), tbese also are the products (d‘ a kind of conjugation 
l>etw'een the adjactut cells (»f the (/rdiiiury diain(*tcr ; taking place 
before tlie eompleliv)n of their separation. He describes the en- 
dochroine of pariicular fnistules, after separating as if for the 
formation of a pair of ui'w cells, as moving back from the extremities 
towards the centre, rapidly increasing iu (juantity, and aggregating 
into a zygospore (Fig. 10th *2, e, /•): around this a new envelope 
is developt'd. wldcb may or may md resemble that of the ordinary 
fmatules, but which remains in continuity with them ; and this 
aygoaporo sov)n undergoes binary sub-division (tl. e, h, c), the cells 
of the new sericH thus develoj)ed presenting the tdiaracter of those 
of tlie original filament (1). but greatly exceeding them in size. 
From what has betui already stated (§ 278), it seems pr(»bable that 
a gradual reversion to the snraller form tiikes place in subsequent^ 
subdivisions ; a further reduction l)eing checked I ty a new fomiation 
of zygospores. Whether this fonnation partakes of tho character 
of * conjugation’ (as supjwsed by Mr. Thwaites) is still doubtful 5 

Vol. iti, p. ltd and the A«thor*.s PrcRidctitial Address in llie same 

volume, pp. 44-50. 
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some later observers regarding * anxospores^ as simply enlarged 
forms of single cells. 

Most of the Diatoms which are not fixed by a stipes, possess 
some power of spontaneous movement ; and this is especially seen 
in those whose fru stales are of a long narrow form, such as that of 
the Na?Hculw generally. The motion is of a peculiar kind, being 
usually a series of jerks, which carry forward tlie frustule in the 
direction of its length, and then carry it hack through nearly the 
same path. Bometimes, liowevor, the motion is smooth and 
equable; and this is especially the case with the curious Jiactllaria 
porodo.co (Fig. 171), whose iVustules slide over each other in one 
direction until th(\y are all but detached, and then slide as far in 
the opposite direction, repeating this alU^rnato movement at very 
regular intervals.* In citiier case the motion is obviously quite of 
a different nature from that of beings jiossessed of a power of self- 
direction. “An obstacle in the path,*’ says Prof. W. Binith, “is 
not avoided, but pusbod-aside ; or, if it be suflicient to avei’t the 
onward course of tlio I’ruHtule, the latter is detained for a timeecjual 
to that whiclj it would have occupied in its forward progression, 
and then retires from the inqvdiiucnt as if' it had accomplished its 
full course.” The eharacter of the movement is obviously similar 
to that of those motile forms of Protojdiyta which have been already 
described; but it has not yet been definibdy tra(‘ed to any organ of 
impulsion ; atul the cause of it is still ob'<cnre. Py Prof. W. Smith 
it is referred to forces operating within tlie fru.stule, and originating 
in the vital operations of growth, Ac., which may cause tho sur- 
rounding fluid to bo drawii-in through one set {>1' apertures, and 
exi>clled through the other.f “If,” as he remarks, “ the motion be 
j)roduced by the exosrnose taking-plact; alternatively at ouo and the 
i)ther extreruity, while endosmosc is ])rocoeding at the other, an 
alternating movement would be the result in frustiihss of a linear 
form ; whilst in others of an elliptical or orbicular outline, in which 
foramina exist along tho entire line of suture, the movements, if 
any, must be irregular or slowly lateral. Such is precisely the case, 
'^rhe backward and forward movements of tlie Xaiucttln' have been 
already described; in SurirvJl<(> (Fig. 17b) and Cainpyhdiscas 
(Fig. 17b), the motion never proceeds further than a languid roll 
from one side to the other; and in GoviphuHttua (Vig. 187), in 
which a foramen fulfilling the nutritive office is found at the larger 
extremity only, the movement (which is only seen when the frustule 

* This curious pp'iiomeuou tho Author haw hims(‘lf rcppaUnily ]«vd the 
opportunity of wituohsing. 

t It has ts eii ohjocU'd to this view, by tho Authors of tho “ MicixigraphiO 
Dictionary,” that, if such worn th«- case, the like movoneuts AVould he fmjuently 
mot with iu other minuha unicellular orgauisniH. But there are no other such 
organisms in which the cell is almost entirely eiich>8<3d in «n impeimeablo 
enveloflo, 80 that the imbibition and expulsion of fluid are limited to a small 
number of definite points, instead of Iwing allowed to take place equally (as 
in other unicelluhir organisms) over the entire surface. — H<>e Mercschkowsfci iu 
*‘Joum. Boy. Microsc. lrioc.,”S<jr 2, Vol. i. (1881), p. 102. 
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w separated from its stipes) is a hardly perceptible advance in 
intermitted jerks in the direction of the narrow end.’’ 

283. llie principles upon which this interesting group should be 
classiBed, cannot be properly determined, until the history of the 
Generative process —of which nothing whatever is yet known in a 
large proportion oi Diatoinn, and very little in any of them — shall 
have oeen thoroughly followed-out. The observations of Focke* ** 
render it hijjhly probable that main' of the forms at present con- 
sidered as distinct f rom each other, would prove to b(* luit different 
states of the same, if their irjwlr history were asetertained. On the 
other hand, it is l)y no means impossible that some which appear 
to bo nearly related in tbe structure of tbeir fiustnlcs and in their 
mode of growth, may prove to have quite different modes of ref)ro- 
duction. At pre.sent, therefore, (Uty clasHiheation must be merely 
provisional ; and in the notice now to be taken of some of the most 
interesting forms of the Piafornarriv^ the method of Prof. Kiitzing. 
which is base<l upon the eharaettirs of the individual fnistulos, is 
followed in jjrefereneoto that of I’rof. W. Smith, which was founded 
on the degret' of cunnecti(/n renjaining between the several frustules 
after self-division. f- in each Family the frustules may exist under 
four conditions, (o) free, the sell-division being (mtiro, so that the 
fruatules separate as soon as the process bus been eompletod; {b) 
stipitate, the frnstules being itn])lanted upon a common stem 
(Fig. 17*2), which kee]>.s tlnun m mutual connection after they have 
themselves undergone a com]jlcte sidf -division ; (e) united in a fila- 
ment, which will bo continuous {Fig. 177) if the cohesion extend 
to the entire surface.s of the sides of tlie frustules, but may be a 
mere zigsiag chain (Fig. 173) if the cohesion be limited to their 
angles; {<1) aggri^gated into a frond (Fig. 188), which consists of 
numerous frustules more or less regularly (mclosed in a gelatinous 
investment. It is oot in every family, however, that these four 
conditions are at present known to I'xist ; but they have bef 3 n 
noticed in so many, tliatthoy may be fairly presumed to be capable 
of occurring in all.— Excluding the family (of whoso 

ailicified skeletons wo have examples in Fig. 191, c, (/), which seem 
to have no ade<]uate title to rank among Diatoms (their true alli- 
ance being apparently with the roJiinjHima), the entire group may 
IjO divided into two i^rineipal Sections ; one (B) containing those 

• According to this ohscrvi-r (“ Ann. of Nat. Iliht.,” 2ntl {S('r.. Vnl. xv., 
p, 207) A^riVw/yi b'/rima fonns, by the spontarnMnis fission of its iim rirnl sub- 
spherical hiylics which, like gcminiiles, give nst‘ to Sm ireUn microcara. 
’’j'hase by conjngJition produce N. uphiidvla, wliirh g vc.’i rim* to A. Af/Voa* by tlin 
same prooeaa* lie is only ablo to Kjmak jH)sitivtdy, however, as to the pro- 
dootion of S. bifrons from A', spitntfhhi . that of fkmrcfla tnurovora from A', hifrmtt. 
ami that of A. spUmltda from SurireHn microcora, being matters of inference 
from the phenomena witnessed by hinu 

t The method of Kiitr.ing is the one ftdlowed, with some modification, by 
Mr. Haifa in his rtivisi(»u of the gn>up for the 4ih Edition of rdtebard's 

** Infuaona tmd to his systematic arrangement the Author would refer such 
«s dosiro more detailed information. 
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forms iu wHioh the valves possess a true central nodule and i 
longitudinal line (as VUurofiUjmas Fi^. 105, and Ounipkmcmiu 
Pig. 180, a) ; and the other (A) including all those in which the 
valves are destitute of a central nodule (as l:^i.ii'!rdh/y Fig, 175, a ). 
Among the latter, however, we find some (h) in which there is an 
umbilicus or pseudo-nodule with radiating lines or cellules, whilst 
there are others (a) which have no central marking whatever. 

284. Commencing with the last-nameil division (A), the first. 
Family is that of IiJimotiea\ of which we have already seen a cha- 
racteristic example in Epiiln'min tnrtjida (Fig. U>H). The essential 
characters of thivS family consist iu the more or less lunate form of 
the fnistules in the lateral view (Fig. K)8, n), and in the stria; 
lieing continuous across the valves without any iiitcrraj)tion by a 
longitudinal line. In the genus Etmofla the fnistules are free; 
in Eplthttm'ui they are very commonly adherent by tlie fiat or 
eoncavc surfm^e of the connecting zone ; and in II i nut u( Id (run they 
are usually united into ribbon-like filaments. —In the Family 
M(.'rldhi<(> wo find a similar union of the tranHvers(‘ly-striatod indi- 
vidual fnistules ; but these are narrower at one end than at the 
other, so as to have a cuneato or wodge-like form ; and are 
regularly dispo.sed with their corre.snonding extremities always 
pointing in the same direction, so tliat the filament is curved 
instead of stniight, as in the beautiful Merldlon rircnlure (Fig, 170). 
yUthongh thi.H plant, when gathered and ])laced under the micri>- 
scope, ]>n‘sent.s ilie ap|)earan<;e of circles overlying one another, 

Fm. 17 



Fio. 170 . — Meridion circular f. Fxo. 171 . — JiacifJarltt jMti arU 

it really grows in a helical (screw-like) form, making sever^ con- 
tznnous turns. This Diatom abounds in many localities la this 
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coutitry; but there is none in which it presents itself in such 
mh luxuriance as in the mountain -brooks about West Point in the 
United States, the bottoms of which, according to Prof. Bailey, 
** are literally covered in the first warm days of spring with a fer- 
mginouB-coloured rnucouH matter, about a quarter of an inch thick, 
which, on examination by the microscope, proves to be filled with 
millions and millions of these exquisitely-beautiful siliceous bodies. 
Every submerged stone, twig, and spear of grass is enveloped by 

tticm ; and the waving 
phirne-like appearance 
of a filamentous body 
covered in this way is 
often veiy elegant.’’ 
The trust ules of Mcn‘- 
liio'i are attached when 
young to a gelatinouH 
<*ashion; but this dis- 
appears wdth the ad- 
vance of age.- In the 
b’amiiy Licmophorcco 
also the frnstules are 
wedgc-shaj)ed; in some 
genera they have trans- 
verse markings, whilst 
in others th(is(^ are de- 
licient; but m most 
instances there are to 
be observed two longi- 
tudinal suture - like 
lines on each valve 
(which liavo received, 
the Hf>ecial designation 
of I'tHiv) Connecting 
the puncta at their two 
extremities, rbo new- 
ly-formed part of the 
8ti|i03 in the genus IJcmiphonf, instead of itself becoming double 
with each act of self-division of the frustule, increases iii breadth, 
while the frnstules themselves remain coherent ; so that a beautiful 
fan-like an*angement is produced (Fig, 172). A splitting-away of 
u few frustulcs secTns ocousioually to take place, from one aide or 
the other, before the elongation of the 8tii>e8; so that the entire 
plant presents us with a more or leas complete Jiabelln or fan 
upon tno summit of the branches, with imperfect flabclla:) or single 
frustules irmjularly scattered throughout the entire length of tne 
footstalk. This beautiful plant is marine* and is parasitic upon 
Seaweeds aad Zoophytes. 

20^. In the next Family, tliat of FragiUanem, the frustuleB are 
of the same breadth at each end, so that, if they unite into a fila- 


Km, 172. 
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ment, they form a straight band In some genera they are smooth* 
in others transversely striated, with a central nodule; when stria) 
are present, they run across the valves without interruption.-- To 
this family belongs the genus Diaionia, which gives its name to 
the entire group ; that name (which means cutting through) being 
suggested by the curious habit of the genus, in which the frustulcs 
after self-division separate from each other along thoir lines of 
junction, but remain connected at their angles, so as to form zig* 
zag chains (Fig. The valves of J)iotinn(f, when turned side- 

ways (o), are seen to be .strongly marked by transverse striae, whicli 
extend into the IVont 
view. The proportion 
between the length 
and the ])readth of 
each valve is found to 
vary so ('onsiderably, 
that, if the extreme 
forms only were com- 
pared, tlj<;re would 
seem u<lequute ground 
for regarding them as 
belonging to dilTereiit 
sp<icies. The geaus 
inhabits fresh water, 
j)referring gently-nin- 
ningstreaniH, iji which 
it is sometimes very 
abundant. — The genus 
Friujilloria is neaily 
allied to iJiufotn^a, the 
dilf erence bet wee n 

them consisting chieHy 
inthe mode of mlhcsioii 
of the fnistnle.s, which 


fiu-iuilt'; b, frustultj uiidt'rgoing Kflf-diviHioii. 

rig. 17*}. — iiranmuttnphof-n nf^rptufitta : — a, front 
and suit* vifWHof mughj fmstido; b, //, front and 
filaments, however, as <*f dividtMi frustnlo; r, frustulo nl^^ut 

the name of the genus undergo .vclf-divi.sioiJ ; frustulo coi/iplotcdy 
implies, very readily 

break-up into their component frnstnlos, oftem separating at the 
slifirhtest touch. Its various species are very common in pools and 
ditches.-- This family is connected with the next by the genus 
Nitzschia, w^hich is a somewhat aberrant fonn distinguished by the 
presence of a prominent keel on each valve, dividing it into two 
portions which are usually unequal, while the entire valve is some- 
times curved, as in N, abjtmima, which is sometimes used as a 
Test-object, but is not suitable for that purfiose on account of 
the extreme variability of its striation. — Nearly allied to this is 


in Fragillaria form 
long straight filaments 
witli parallel sides ; the 


Fm. Fkj. 171. 
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the gOBUs bo named from the elongated stafif-likc form 

of itfl frustnles ; it« valves have a longitudinal punctated keel, and 
their transverse striae are iuterrnntod in the median line. The 
principal species of this genus is the B. paraihxat whose remark* 
able movement has been already described (§ 282). Owing to this 
displacement of the frustulcM, its filaments seldom present them- 
selves with straight parallel sides, but nearly always in forms more 
or less oblique, such as those represented in Fig. 171. This curious 
object is an inhabitant of salt or of brackish water. Many of the 
species formerly ranked under this genus are now referred to the 
genns l)i(iioni<i. The Genera KUr.8chi(i and Baeillarui are now 
associated by Mr. Kalfs,* with some other genera which agree with 
them in the bacillar or staff-like fonu of the frustnles and in the', 
presence of a longitudinal keel, in f he Sub-family NiUttcMcmy which 
ranks as a soctiou of the Hurirolhuv. "Aiiotlier Sub-family, Synt - 
ihrif\ consists of the geiin.s Sipv'dra and its allies, in which the 
bacillar form is retaiiu'd (Fig. 192, 1), but the keel is wanting, and 
the valves are but little broader than the front of the I’rustule. 

28(5. In the *Scr/>v7^c<c proper, the fnistules are no longer bacillar, 
and tlu^ breadth of the valves is usually (though not always) greater 

Fi(i. I7r». 



Stairellu cotttUrHa hide view; B, front view; 

V, binary subdivision. 

th&n the front view. The distinctive character of the genus 
Swi%reU(%j in addition to the presence of the supposed * canalicnli ’ 
(§ 275), is derived from the longitudinal line down the centre of 
each valve <a), and the prolongation of the margins into ‘ aim/ 
Numerous species are known, which are mostly of a somewhat ovate 
form, some being broader and others narrower than iS>. constrida ; 

* See Pritchard's ^ Infusoria,” 4th Ed. p. 940. The gemts Nitzitekia was in 
the ^r»t iiwtanc^* placed by Mr. Ralfs in the fanidy FruffUUxrieGe^ and the | 
MmMlwrU in the family Surirefteis, 
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the greater part of them are inhabitants of fresh or brackish water, 
though some few are marine ; and several occur in those Infusorial 
earths which seem to have been deposited at the bottoms of lakes, 
such that of the Mourne mountains in Ireland (Fig. 192, 6, c,h)» 
— In the geiins Campylodimtitf (Fig. 17(5) the valves are so greatly 
increased in breadth as to present almost the form of disks (a), and 
at the same time have more or less of a peculiar twist or saddle- 

A I n.. ]7(J. V> 



( COtefttfilM. — A, \ ii'W ; 1 $, hi'lr vi<'\v. 

shaped curvature ( u). It is in this genuH that the supposed * cana- 
Uculi ’ arc most developed, and it is consequently here tliat they may 
be beat studied ; and of their being here really or internally 
projecting ribs, no reasonable doubt can remain after examination 
of them under the Binocular microscope, especially with the * bla<:k- 
ground ’ iUnmination. The form ot the valves in most of the 
species is circular or nearly so ; some arc nearly flat, whilst in 
others the twi.st is greater than in the species here represented. 
Some of the s}>ecieH are marine, wliilst others occur in fresh 
water; a very beautiful form, the G. exists in such abun* 

dance in the lufuvsorial stratum discovered by IVof. Ehrenlior^ at 
iSoos near Ezer in Bohemia, that the earth seems almost entirely 
composed of it. 

287. The next Family, Striaiolh'ai^ forms a very distinct group, 
diSereti tinted from every other by having longitudinal costec on 
the connecting portions of the frustules ; these costas lieinc formed 
by the inward projection of annular siliceous plates (whicn do not, 
however, reach to the centre), so as to form septa dividing the 
cavity of the cell into imperfectly-separated chambers. In some 
instances these annular septa are only formed during the produc- 
tion of the valves in the act of self-division^ and on each repetition 
of such production, l>eing thus always in number; whilst 

in other cases the formation of the septa is continued after the 
production of the valves, and is rejieated an uncertain number of 
times before the recurrence of a new valve-production, so that the 
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annuli are in number. In tte cnriona (hmnmafopTwra 

»(irp4ntina (Fig. 174) the septa have several nndulations and 
incurved ends, so as to form serpentine curves, the number of 
which seems to vary with the length of the fmstule. The lateral 
surfaces of the valves in Gmmnuittyphora are very finely striated : 
and some species, as O. Huhtilimma and G. marina are used as 
Test-objects (§ 101). The frustules in most of the genera of this 
family separate into zigzag chains, as in Diatomii ; but in a few 
instances they cohere into a filament, and still more rarely they 
are furnished with a stipes. — The small Family Ter pri mein is 
separated by Al.r. Ralfs from the Striatellejo, with which it is 
nearly alliedf in general characters, because its septa (which in the 
latter are longitudinal and divide the central portions into 
ohambors) are transverse and are confined to the lateial portions 
of the frustnles, which appear in the front view as in Biddnlphiein 
(§ 2^^2). 'Fbe typical form of this family is the TerpHinOe muhica, 
m named from the resemblance which the markings of its costas 
boar to rniiKical noU^s. 

288. I'Ve next come to two Families in which the lateral surfaces 
of the frustuhis are cirmlnr : so that, according to the flatness or 
convexity of tlm vjilvcs and the breadth of the intervening hooped 
baud, the frustules may have the form either of thin disks, short 
cylinders, bi-convex lenses, oblate spberoids, or even of spbercK. 
Looking at the structure of the individual frustules, the lino 
of demarcation lictween the.se two families, MeJosirtun and CoS‘ 
cinoditiCiue^ is by no moan.s distinct ; the priticipal difference between 
them being that the valves of the latter are commonly cellulated, 
whilst those of the former are smooth. Another important 
difference, Inmevcr, lies in this, that the frustules of the CoHeino- 
dheeai are always free, whilst those of the Melos )re<v remain 
coherent into filaments, which often so strongly resemble those of 
the simple Canjerramv as to be readily distinguishable only by the 
effect of heat. Of the.se last the most important (lonus is Melon ira 
(Figs. 177, I 78). ijiofne of its species are marine, others fresh- 
wa&r ; one of the latter, the M. ochraaui, seems to grow best in 
boggy iKKils containing a forruginons impre<gnation ; and it is 
Stat^ oy Frof. Ehreuber^ to take up from the water, and to in- 
corporate with its own sulistance, a considerable quantity of iron. 
The filaments of Melosira very commonly fall apart at the slightest 
touch : and in the Infusorial earths, in which some species abound, 
th« frustules are always found detached (Fig. 192, a <?, d d). The 
meaning of the remarkable difference in the sizes and forms of the 
frustules of the same filaments (Figs. 177, 178) has not yet been 
fully ascertained (§ 281). The sides of the valves are often 
marked with radiating striae (Figs. 192, d d) ; and in some species 
they have toothed or serrated margins, by which the frustules 
lodc-to^her. To this family belongs the genus Hyulodieoun, 
of whi^ the JET. mthiilis was first brought into notice by the late 
Frof. Bailey as a Test-object, its disk being marked, like th® 
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en^nno-turncd back of a watcb, with linos of exceeding delicacy, 
only visible by the highest magnifying powers and the most care- 
fnl illumination. 


Fig. 177. Fm. 17s. 



280. The family inclmleH a largo proportion of 

the* most beautiful of those discoidal Diatoms, of which the valves 
do not present anv considerable convexity, and are connected by 
a narrow zone. the genus ( 't)srini)discui<j winch is easily distin- 
guished from most of the genera of this family by not having its 
disk divided into corapartmentH, is of great interest from the vast 
abundance of its valves in certain fossil deposits (Fig. 191, n, a, a), 
especially the Infusorial earth of Kichmond in Virginia, of Ber- 
muda, and of Oran, a^ also in Ouano. Each frustuleisof discoidal 
shape, being composed of two delicately undulating valves, united 
by a hoop; so that, if the frustules remain in adhesion, they 
would form a filament resembling that of Melosira (Fig. 178). 
The regularity of the hexagonal areolatiou shown by its valves 
renders them beautifal microscopic objects; lu some species the 
areolm are smallest near the centre, and gradually increase in size 
towards the margin ; in others a few of the central areola? are the 
largest, and the rest arc of nearly uniform size ; while in others, 
again, there are radiating lines formed by^ areolae of a size diiSbrent 
from the rest. Most of the species are either marine, or are inha- 
bitants of brackish water ; when living they are most commonly 
found adherent to Sea- weeds or Zoophytes ; but when dead, the 
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vfdves fall as a sediment to the bottom of the water. In Ijoth 
these conditions, they were found by Prof J. Quehett in connovJ- 
tion with Zoophytes which had been brought home from Melville 
Island by 8ir E. Parry; and the species seemed to be identical 
with those of the Ei«mmond earth.— The investigations of Mr. 
J. W. Btephenson,* on (UfScinodlacuH ocnhis IricViH show that 
the peculiar “ eyc-like” appearance in the centre of each of its 
hexagonal areola) arises from the intermingling of the markings 
of two distinct layers, differing considerably in structure; the 
markings of the lower layer being partially seen through those of 
the upper. By fracturing these Diatoms, Mr. Htephenson has suc- 
ceeded in separating portions of the two layers, so that each could 
bo examined singly. lie has also mounted thf3m in bisulphide of 
carbon, the refractive jiower of which is very high ; and also in a 
aolutiou of pliosphoriiH in bisnljihide of carbon, which has a still 
liigher refractive index. If we suppose a Diatom to be marked with 
tlu'y would act as concav<* lenses in air, which 
is less reiraciive than their own silex ; but when such lenses are 
immersed in bisulphide of carbon, or in the phosphorus solution, 
they would be converted into nmvrx of tue more refrac- 

tive suhstuiice, and have their action in air reversed. Analogous 
but opposite changes must take ])lacc, when convex Diatom-lenses 
are viewed first iu air, and then in the more refractive media, 
implying these and other tests to Court )LO<U8Cfi>i oval tin 
Mr. Btephensoii considerH both layers to be (:oin]) 08 ed of hexagons, 
repre.stmted in thg. 17^‘, from drawings by Mr. Stewart. Thenpjit'r 




Strut* <>/ elluvous valv»> of < ‘iMrinoiUtn'm ocnliat irUlis : — 1. Hexagon.;] 
areola of inuor or ‘ojo.HjJot* layer; 2. Areola of outer layer. 

Imyer h much stronger and thicker than the lower one ; and the 
framework of its hexagons more readily exhibits its bead^ appear- 
ance. The lower layer is nearly transparent, and little conspicuous 
when Been in biaulphide of carbon, except, as shown in the figure, 
when the frazneworh of the hexagons, and the rings in the miw of 

* ** MoutWy Microscopical .Toumay* Vol. x. (1873), p. L 
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them, appear thickened and more refr^tive. In both layers the 
balance of observations tends to the belief that the hexagons have 
no floors, and are in fact j)erforated by foramina like those of minutti 
Polycystina. The cells formed by the hexagons of the upper layer 
are of considerable depth ; those of the lower layer are shallower. 
In both layers, fractured edges show the hexagon- frames to be the 
strongest parts ; and in neither has Mr. Stephenson been able to 
detect any broken remnants of floors, which might be e\'])ected to 
be visible with high powers if they existed at a,ll. — If further 
observations should conhrin Mr. Stephenson’s belief that Ooscino^ 
distri are perforated by uuinoroas foramina, a similar structure will 
l>o sought-for ill other Diatoms, and the view^s of naturalists as to 
the character of the group may be materially modiflod. At present 
the chief dilTorence in minute structure that has been recognised, 
may Is; seen by comparing the apparently simple lieading of 
TU‘urositji)t<i with th(' hexagonal formations in CU^KrinodiRriiSf Ac. ; 
hut a far more important divcrgeiuH* will have to bi‘ considered, if 
some Diatom-valves have a multiplicity of foramina, and others 
either none, or only a few at certaiu spots. It is very desirable 
that living forms of (Atf«‘iinnh‘sr( sliould be carefully examined; 
since, if th(‘y really have foramina, smuc minute organs may be 
protruded through them. 

21H). The genus Arfinortfrlfs* {d(jsely resembles the preceding 
in form, but differs in the markings of its valvular disks, whicii 
are minutely and densely punctated or cellulatiHl, and are divided 
radially by single, or double <loUed lines, which, hovvev'er, are not 
continuous Init interrupted (I'lato i., Fig. 1). 'fhe disks are gene- 
rally iridesj cnt; and, when mounted in balsam, they present 
various shades of brown, green, blue, purple, and red : blue or 
puqde, however, being the most fri'rpumt. An immense number 
of K{>eeicH have bi'en erected by JVof. lOhrenberg on minute diffe- 
rences presented by the rays as to number and distribution; but 
since scarcely two specimens can be found in whiedi there i« a 
];»erfect identity as to these particulars, it is evid<?nt that such 
minute difference.s between organisms otherwise similar are not of 
sufficient account to servo for the separation of species. This form 
is very common in guano from Ichaboo. -Allied to the preceding 
are the two genera AHtevohtinpra and Anferohij^hahia^ both of which 
have circular disks of which the marginal |>ortion is minutely 
areolated, whilst the central area is smooth and perfectly hyaline 
in appearance, but is divided by lines into radial compartments 
whicn extend from the central umbilicus towards the periphery. 
The difference between tiiem simply consists in this; that in 
Aftierolanfipra all the compartments are similar and equidistant, 
and the rays equal (Plate i., Fig. 2); whilst in A>iferomphalm two 

* The Author concurs with Mr. Ralf.s in thinking it preferable to limit the 
genns Jctlnoei/cfim to the forms originally itichidcfl in it by Khrtmberg, and to 
restore tho genus Adinoptifehm oi Ehnuiberg, whicli Imd U'on improj>erly 
uuitod with Actinoctjclus by Profs. KUtziug uu<l W. Hmitli, 
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of tlie oompartmentfl are closer together than the rest, and the 
eoolosed hyaline ray (which is distinguished as the median or basal 
ray) differs in form from the others, and is sometimes specially 
continuous with the umbilicus (Plate r.. Fig, 4). The eccentricity 
thus produced in the other rays has been made the basis of 
mother generic designation, Spatangidinm ; but it may bo doubted 
whether tins is founded on a valid distinction.^ These beautiful 


disks are for the most part obtainable from guano, and from 
aoundings in tropical and antarctic seas.— From these we pass on, 
to the gQnu» A(iiiu>ptychm {Vig. which also the frustulcs 

ore discoidal in form, but of which each valve, instead of being flat, 
hfts an undulating surface, as is seen in front view (»); giving to 
the side view (a) the appearance of being marked by radiating 
bauds. Owing to i ids ])eculiarity of shape, the whole surface cannot 
lx; brought into locus at once except with a low power; and the 


Frc. IHo. 




difference of aspect which 
the different radial divi- 
sions present in Fig. 180, 
is simply due to the fact 
that one set is out of focus 
wliilst the other is in it, 
since the appearances are 
reversed by merely altering 
the focal adjustment. The 
inimhcr of radial divisions 


AciinoptifchiK uiKluIntui! ■ — , 
^ tnnil viow. 


. a clia- 

racter of sufliciont import- 
ance to serve for the dis- 


tinction of B))ecies ; but this is probably subject to variation; since 
W6 not unfVoqnenUy meet with dislp, of which one has (say) 8 and 
another 10 such divisions, but wliich jire precisely alike in every 
other particular. The valves of this genus also are very abundant 
in the Infusorial earth of Richmond, Hermuda, and Oran (Fig. 


191, 6. &, h ) ; and many of the same species have been found recently 
in guano, and in the seas of various parts of the world. The fms- 
tules in their living state appear to be generally attached to Sea- 


iveeds or Zoophytes. 

291. The Ilennuda earth also contains the vei*}" beautiful form 


(Plato 1., flg. 3), which, though scarcely separable from Actinop- 

S rebus except by its marginal spines, has received from Prof, 
brenberg the distinctive appellation of Jh liopvJta (sun-shield). 
Ob ject is rtq>resented as seen on its infernal aspect by the 
Parabolic Illuminator (§ 10.%), which brings into view certain 
&afcur«8 that can scarcely be seen by ordinary transmitted light. 
Five of the radial divisions are seen to be marked-out into circular 


but in the five which alternate with them, a minute beaded 


♦ See OreviUo in Qnart Journ. of Microsc. Science,” Vol. vii. (W9\ p, 1^, 
i “Tmnsftct of Soc.,” Vol. viii. N.S. (18CU), p. 102, and Vol. s. 

I, p. 41 ; also WftlUeb in the snrae Trang^ictions, Vol. p. 44. 
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Btmctiiro is observable. This maybe shown by careful adjustment 
of the fcKus to exist over the whole interior of the valve^ oven on 
the divisions in which the circular areolation is)»cro displayed; and 
it hence appears that this marking belongs to the iiiimwl layer^ 

289), and that the circular areolation exists in the vuier layer of 
the siliciHod lorica. In the alternating divisions whose surface is 
here displayed, the areolation of the outer la 3 '-er, when brought into 
view by focussing down to it, is seen to bo formed by eqnilah^ral 
triangles ; it is not, however, nearly so well marked as the circular 
areolation of the first-mentioned divisions. The dark spots seen at 
the ends of the rays, like the dark centre, appear to Ixj solid tuber- 
cles of silex not traversed by markings, as in many other Diatoms; 
most assuredly they are not orifices, us supposed by Prof. Khrenljerg. 
Of this type, again, specimens are found ]>resentiTig fi, 8, 10, or 12 
radial divisions, but in other rcsjiects exactly similar; on the other 
hand, two specimens agreeing in their number of divisions may 
exhibit miuntc differences of other kinds ; in fact, it is rare to find 
two that are irrcriBelj/ alike. It seems j)rol)rJ)lc, then, that wo 
must allow a considerable latitude of variuti(n\ in these forms, before 
attempting to separate any of them as distinct species. — Another 
very beautiful discoidal Diatom, which occurs in Ouano, and is also 
found attached to Sea-weeds from different ))art8 of the world 
(eajiccially to a species ejiiployed by the Japanese in making soup), 
is the Jrdclnioidificits (Plate xi.), so named from the resemblance 
which the beautiful markings on its disk cause it to boar to a 
Spider’s web. According to Mr. Shadbolt,t who first carefully 
examined its stnicture, each valve consists of twf) layers; the outer 
one, a thin flexible horny membrane, indestmctible by lx»iling 
in nitric acid ; the inner one, siliceous. It is the former which hits 
upon it the peculiar spider’s web-liko markings: whilst it is the 
latter that forms the supporting frame-work, wliich bears a very 
strong resemblance to that of a circular (,lothic wnidow. The two 
cau (/(XMsionally be separated entire, by first boiling the disks for 
a considerable time in nitric acid, and tVicii carefully washing them 
in distilled water. Even without such separation, however, the 
distinctness of the two layers can be jiiadc out by focussing for 
each separately under a l-4th or l-5lh iiich ()bj(3ctive ; or by look- 
ing at a valve as an opaque object (either by the Parabohe Illu- 
minator, or by the Lieberkiihn, or by a side light) with a 4-l()thK 
inch Objective, first from one side, and tben from the other. J — This 
family is connected with the succeeding by the small group of 

• It is stated by Mr. 8toddt?r (‘'Quart. Jourii. (»f Microsr. Vol, lit 

K.B., IHGJ), p 215), that not only has he »oen, in hrokon the inner 

granulated plate proj«3Cting beyond the outer, but that lie has found tlio inner 
plate ftltogothcr separated from the outer. 'I'he Author is iu(lebh‘d to this 
goutletuau for poiutiug out that his Figure represents the inner surface of the 
valve. 

t “ Transact of Microsc. Society,” First Scries, Vol. iii., p. 

t These valves afford admirable obiw-ta for ahowiiig the ‘conversion of 
R'lief * in Nachefs Stereo- l*«<>udo8coi3ic Microscope (§ fiH). 
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Enmdieccmt the members of which agree with the Co^clnodiBcm* 
in the general character of their discoid frustoles, and with the 
BiddtMiiem in having tubercular processes on their lateral surfaces. 
In the oeaxitiful AularodtHcutt t Plate i., P'ig. 5) these tubercles are 
situated near the margin, and are connected with bands radiating 
Irom the centre ; the surface also is frequently?' inflated in a manner 
that reminds ns of Actinoptychus. These forms arc for the most 
part obtained from ( luano. 

292. The members of the next i’amily Biddvlphiecn differ greatly 
in their general form from the preceding ; being remarkable for the 
great development of the latcTul valves, which, instead of being 
nearly flat or discoidal, ho as only to present a thin oilge in front 
view, are so conv(‘x or inflated as always to enter largely into the 
front view, cansirig tlie central zone to ap])oar like a hand between 
them, d'his Ixind is very narrow when tiie new frustnles are first 
produced by self-division (§ 278) ; but 
it incrcaseH gradually in breadth, until 
the new frustulc is fully formed and is 
itself undergoing the same duplicative 
change. In BklduJplihi (Pig. 167) the 
fnistulcs have a quadrilateral form, and 
remain coherent by their alternate angles 
(which arc elongated into toothlike pro- 
jections), HO as to form a zigzag chain, 
'idiey are marked externally by ribbings 
which seem to be indicative of internal 
coN'/ie partially subdividing the cavity. 
Nearly allioil to this is the beautiful 
ircnus iBthmui (Fig. 181), in which the 
frustnles liave a trapezoid'.il form owing 
to the oblique prolongation of the 
valves; the lower angle of each frustule 
is coherent to tlio middle of the next 
one beneath, and from the basal frustule 
proceeds a stipes })y whicli the filament 
is {ittached. Like the preceding, this 
teenuB is marine, and is found attached 
to the Al<fa> of our own shores. The areo- 
lated strncture of its surface (Fig. 163) 
is very conspicuous both in the valves 
and in the connecting * hoop and this 
IiHkmltt hoop, being silicified, not only connects 

the two new frustules (as at h. Fig. 181), 
until tbey have pepamted from each other, but, after sueJa sepa- 
ration, remains for a time round one of the frustules, so as to give 
it a truncated appearance {n, e). 

203. Tlie Family Anfjnlifeiw, distinguished by the angular 
form of it« valves in their lateral aspect, is in many respects closely 
allied to preceding ; but in the comparative flattening of their 


Fio. 181 . 
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vidves, its members more resemble tbe Coscinodieeew. and Eupo- 
disceoh Of this family wo have a characteristic example in the 
>renu8 Tricerafium ; of which striking form a consideral>le nuTnl>er 
of species are met with in the Bermuda and other Infusorial 
earths, while others are inhabitants of the existing ocean and of 
tidal rivers. The T. favm (Fig. lOl), which is one of the largest 
and most regularly -marked of any of these, occurs in the imid of 
the Thames and in various other estuaries ou our own coast; it 
has been found, also, on the surface of large sea-shells from 
various parts of the world, such as those of JlippopnH and 
before they have been cleaned; and it j>resent8 itself likewise in 
the Infusorial earth of JViersburg (IJ.S.). projections at the 

angles wliich are shown in that species, are prolonged in some 
other species into ‘ horns,’ whilst in others, again, they are mere 
tubercular elevations. Althongli the frianqxdar form of the 
frustule, udien looked at sideways, is that which is characteristic of 
the genus, yet in some of the species there seems a icmdcncy to 
produce <(uadvari<}\dar and even pevlagonal forms; these hfung 
marked as varieilf x by their exact correspondence in sculjiture, 
colour, Ac., with the normal triangular furins.'^ This departure is 
extremely remarkable, since it breaks down what seems dt first to 
be the most distinctive cliaractcr of the genus; and its occurrence 
is an indication of the degree of latitude which we ought to allow 
in other cases. It is difficult, in fact, to distinguish the sejuare 
forms of Tricfrathini from those included in the genus A'iu^dn'tctraSf 
which is chiefly characterized by the cubiform shape of its fnis- 
tules. In the latter, the frustul(‘s cohere at their angles so as to 
form zigzag filaments, whilst in the former the frustules are 
usually free, though they have occasionally been found catenated. - 
Another grou|> that seems allied to the Jiiddulphiorv is the curious 
assemblage of forms brought together in the Family 
some of the filamentous types of which seem also allied to the 
^fclo8ire^v. The peculiar distinction of this group consists in the 
presence of tubular ‘ awns,’ frequently proceeding from the con- 
necting hoop, sometimes spinous and serrated, and often of groat 
length (Fig. 182) ; by the interlacing of whicli the frustules are 
united into filaments, whoso continuity, however, is easily broken. 
In the genus IJacieriasfrum (Fig. ifel) there are sometimes as 
many as twelve of these awns, radiating from each frustule like 
the spokes of a wheel, and in some instances regularly bifurcating. 
With this group is associated the gemis Rhizonohtih, of which 
several species are distinguished by the extraordinary length of 
the frustule (which may be from b to 20 times its breadth), fpvmg 
it the aspect of a filament (Fig. IS-i), by a transverse annulation 
that imparts to this filament a jointed appearance, and by the 

^ So© Mr. Brightwell’s excellrnt Memoirs ‘ On the gf ntis 
Quart. Jom-n. of Microsc. Science,” Vol. i. (1B53), p. 246, Vol. ^ v. P- 

Vol. vi. (1B58), p. 163 ; also Wallich in the flame Journal, \ ol. • A * * 

and Oreville la “ Transact, of Microsc. Soc.,” E.S., VoL ix. (liiCl), pp. 13, oP. 

A A 
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termination of the fmstule at each end in a cone, from the apex of 
which a straight awn proceeds. It is not a little remarkable that 
the greater numl>er of the examples of this curious family are 
Fio. 182, 



on }Mf(hiinh Iront viow, and h. sid<> vi<*w of fnintuK* ; c. Hide 
vi('w of Cl nncctiug lioop and awns ; #/, entire iilaiacnt. 

obtained from tlio stoinuchs of Ayoidians, Sal[)a% Holothurice, and 
other Marine animalsv* 

294. The second principal division (B) of the Diatoinacem con- 
sists, it will be remembered, of those in which the frustulen have a 
incdiim longitudinal lino and a central nodule. In the first of the 
Families which it includes, that of Ct)€rjmv,Uho\ the central 
nodule is obscure or altogether wanting on one of the valves, 
which is distinguished as the inferior. This family consists but of 
a single genus roccoio /x, which includes, however, a great number 
of species, soiue or other of them occurring in (^very part of the 
globe. Their form is usually that of ellipsoidal disks, with surfaces 
more or less exactly parallel, ])lane, or slightly curved; and they 
are very ooramonly found udherent to each other. TJie frus* 
tales in this genus are frequently invested by a membranous 
envelope which forra.s a border to them ; but this seems to belong 
to the immature state, subsetpicntly disappearing more or less 
completely. — Another Family iii which there is a di.s8imilarity in 
the two lateral surfaces, is that of Achnanthccp ; the frustules of' 
which oro remarkable for the bend they show in the direction of 
tdieir length, often more conspicuously than iu the example here 

♦ See BrightwftH in ‘‘Quart. Joum. of Microiw^ Scif^noc,’' Vol. iv. (1856) 
105; Vol. vi. (1858), p. ii3; WaUicli iu “Tmn«. of Microec. Soe.,” N.8., 
Vol viii (I860), p, 48 ; ami West i« the same, p. 151. 
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represented. This family contains free, adherent, and stipitato 
forms; one of the most common of the latter being the 

Fig. 184. Fig. 185. Fio. 18(J. 



JthizmohnUt A< hwuithf’it fofirjtjH’H ; — a, h, Coinphattr.uff ffi mlnaJfnin ; )(Hfrn«- 
ittiltrtaifn. >\ <1, f, fru-^ulrs tiil< s cyuiu'f't^-d by a (iicb»>foinuuH 

I’j ililb'V'nt of s(‘lf- htipcH. 

!(mrflpii8 (Fig. which is often found growing on Marino Algai. 
The uiifercncc hf;tvv.»en the markings of the iipp»^r and lower valves 
is here distinctly seen ; for while both are traversed by strim, 
which are resolvable under a sufficient jiower inUi rows of dots, uh 
well as by a longitudinal line which sometimes has a nodule at 
each end (as in Navicula), the lower valve {a) has alyo a transverse 
line, forming a Rtnnro^ or cross, which is wanting in the upper 
valve (c). A jx^rsistouce of the connecting membrane, so a« to 
form an additional connection between the cells, may sometimes 
be observed in this genus; thus in Fig. 185, it not only holds 
together the two new fmstnles resnlting from the subdivision of 
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the loweBt cell, n, which are not yot completely wmratecl the one 
irom the other, but it may be observed to invest the two frustules 
h and c, which have not merely separateu, but are themselvea 
Ijegiiiniii}? to undergo binary HubdiviKion ; and it may also be per- 
ceived to invest the frustule </, from which the fnistulc c, being the 
terminal one, has mon; completely freed itself. — In the Family 
(U/mhdlctv, on the other hand, both vaU(‘H possess the longitudinal 
lino with a nodule in thenrnidle of its length ; but tlic valves have 
the general form of those of the Knu(>)hif\ and the lino is so much 
nearer one nuirgiu than tlie other, that tlm nodule is sometimes 
rather marginal than c(;ritral, as wo H<‘e in (arco'^ioiKt (Fig. 102). — 
'fhe Oovt 2 )lt(ninu(‘V‘y iikr the (f‘ and Lnunojthorrw-y have 

trustules which an* cuneate or wcdgi'-.sliaped in their front view 
(Figs, IHd, 1^7 )y but are di^tingui^he<l troni tliosc forms by th«? 


fa. ]S7. 
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(iomptioimua I/I iiaaOiilu il : — a, sidf view ul fni'-tule; 
n, front virw , c, fru^tuh- in tliv uct <tf ^ if-duibiou. 

prosorico of the longitudinal line and central nodule. Although 
there are some free forms in this familv, tlie greater pari of them, 
inoludoil in the genus (lomphvnvtutyy have their fnistules eitlier 
afHxcd at their base.s or attached to a sti]ie.s. 'I’his stipes seems 
to be formed by un exudation from the frustule, 'which is secreted 
<mly during the ]>roces8 of self-division : hence when this process 
has been comi>leted, the extension of the single hhimeiit below the 
fruatiile ceases ; but when it rccommeucc.s, a sort of joint or arti- 
culation is formed, from which a new filament begins to sprout for 
tjoch of the half-frnstules ; and wdien these separate, they carry 
apart the peduncles which sup|K>rt them, as far as their divergence 
<jan toko place. It is in this manner that the dichotomoua 
character is given to the entire stipes (Fig. 18G). The species of 
Gomphouema are, with scarcely an exception, inhabitants of fresh 
water, and arc among the commonest forms of Diatomaceae. 

205, I^tly, wo come to the large Family Nammlmy the mem* 
I of which are distinguished by the symmetry of tlieir frustules 



DIAT0MACEJ2 KAVTCULEAA m 

as well in the lateral as in the front view, and by the presence af 
a median longitudinal line and central nodule in both valves. In 
the genuB Naohnda, and its allies, the frustules are free or sinjply 
adherent to each other; whilst in another large section they aro 
included within a gelatiuons envelope, or are enclosed in a deliniti* 
tubular or gelatinous fraud. Of the genus an imiiiense 

number of species have been described, the grounds of separation 
being often extremely trivial. IMiose winch have a lateral sigmoid 
curvature (Fig. 165) have been separaled by ih’of. W. Smith under 
the designation Ph'tifoaljhnf^ which is iiuw generally adopted ; but 
his separation of another set of s[)eclcs imd(‘r the name Phinularia 
(which had been previously apjdied by Ehrcnberg to designate the 
striated sp(‘eics), on tlic ground that its stria* (costjo) aro not 
resolvable inti) dots, was not considered valid by Mr. Italfs, on the 
ground that in many of the more minute H|H'cies it is impossible 
to distinguish with certainty between slriso and eostm, Mr. Slack 
has since given an account of the n'sohitiou of the so-called costa*, 
of twelve sj)ecies of /5‘aaa/nr/(e iiito beaded structures. 'riic ])(‘{iuti- 
ftil genus t'it(mrouel}<, which belongs to the same group, ^lilTers from 
all the proeedlng forms in having the centiM) auxlule of each valve 
dilated laterally into a band free from strue, which forms a cross 
with the longitudinal liaiid. 

2i)6. The multitudinous s})ecies of Ihe genus K<fvicula aro for 
the most part inhabitants of freshwater; and they coristitut(3 a 
large part of most of the so-called * infusorial earths’ whicli werfj 
deposited at the bottoms of lakes. Among the most remarkable fd‘ 
such deposits are the Hubstances larg(dy used in the arts for the 
polishing of metals, under the nanie.s of Tripoli and rotten-Ktone ; 
the.se consist in great j>art of the frustules of Naviculm and Plnnn- 
laruij. The PoHerschiefer or ‘ polishing slatid of Bilin in Bohemia, 
the })Owdcr of which is largely used in (Icrmany for the same piir- 
)X)se, and which also furnishes the hue sand used for the most 
delicate castings in iron, octmrs in a Heries of beds averaging four- 
teen feet in thick oos.s ; and these present appearances which indi- 
cate that they have been at some time exfiosed to a high tempera- 
ture. The well-known ' Turkey stone,’ so generally employed for ihe 
shar]'>ening of edge-tools, seems to be essentially compo.sed of a 
similar aggregation of frustules of Navicuhe, Ac., which has )>een 
consolidated by heat.— The species (d* Pho/roK/V/^so, on the other 
hand, are for the most part either marine or are inhabitants of 
brackish water; and they comparatively seldom present themselves 
in a fossilized state. Of f^ianroaeis, some species inhabit fresh- 
water, while others are inanne ; and the former present themselves 
frequently in certain * infusorial earths.' 

297. Of the members of the Bnb-family Scduzonemnmt consisting 
of those Navicul^m in which the frustules are unitcil by a gela- 
tinous envelope, some arc remarkable for the great external resem- 
blance they bear to acknowledged Algae. I’his is especially the 
♦ Monthly Microscopical JTonnial/’Vol. vi, (1871), p. 71. 
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case with the geims Schhmema ; In which the gelatinona enve- 
lope forms a regular tubular frond* more or less branched, and 


Fio. 



SrhiZDu^ iim (.'r, rtUu - A, iiatnnxl si*/;* ; Ji, jMirfioa <iv«’ 

dliauu'U'i'!? ; c, tiiaiuoiit iuii;^iufi<^l loo ^ ; i>, frus- 

luli*. 

of nearly C(|u:il diaiueter throughout, within which the frustules 
lin either in single hie or without any definite arrangement 
(Fig. 188): nil these rnistules having arisen from the sclf-aivisioii 
of one individual. In tlie genus which is specially 

distinguislied by having the annulus furnished with internal 
ODsim projecting into the cavity of the fmstule, each frustnle 
is separately supporUnl on a gelatinous cushion (Fig. 189, jb), 
which may itself be either borne on a branching stipes (a), or may 
be aggregattjd with others into an indefinite mass (Fig. 190). — The 
carefiu study of these coinjxisitc forms is a matter of great im- 
portance; since it enables us to bring into comparison with each 
other great numbers of frustules winch have unquestionably a 
common descent, and which must therefore be accounted as of 
the same species; and thus to obtain an idea of the rcnige qf 
variatkm prevailing iu this group, without a knowledge of which 
specific definition is altogeiher unsafe. Of the very strongly 
varieties which may occur within the limits of a single 
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spepes, we have an example in the valves c, n, f (Fig. 189), 
which would scarcely have been supposed to belong to the aame 
Fig. 1«<). 



189. Mitatw/Uiia S/tiif!iu cutin* htijHJH; it, frustulo iu itK 

f;clatmaiiH tnivolojK- ; c—i', forms of fnistuli* aw soim iu wido 

view; a, frout view ; ii, fruwtulo undergoing subdiviRiou. 

Fig. 190, Mcuttof/loin Utm^nhita, 

specific type, did they not occur upon the same stipes. The care- 
ful study of these varieties in every instance in which any disposi- 
tion to variation shows itself, so as to rfiduca the enormous number 
of species with which our systematic treatises arc loaded, is a pur- 
suit of far greater real value than the multijdicafum of species by 
the detection of such minute differences as may be presented by 
forma discovered in newly-explored localities ; such differences, as 
already pointed out, being, probably, in a largo proportion of cases, 
the result of the multiplication of some one form, which, under 
modifying influences that we do not yet understand, has departed 
from the ordinary type. The more faithfully and comprchei^ively 
this study is carried out in ani/ department of Natural History, 
the more does it prove that the range of variation is far more 
extensive than liaa been previously imagined ; and this is especially 
likely to be the case with such humble organisms as those we 
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been considering, fcince they are obviously more influenced than 
those of higher types by the conditions under which they are de^ 
veloi>ed, whilst, Irom trie very wide Geograjihical range through 
which the same forms are diffused, they are subject to very great 
diversities of such conditions. 

298. The general habits of this most interesting group cannot 
be better stated than in the words of Prof. W. Smith. “ The 
Diatomacem inhabit the sea or fresh water ; but the species 
peculiar tcj the one are never found in a living stale in any other 
locality ; though there are some which prefer a medium of a mixed 
nature, aud are only to be met with in water more or less brackish. 
Tlie latter are ofteu found in great abundance and variety in dis- 
tricts occasionally Hubj»‘ct to marine influences, such as marshes, 
in the neigh bourliood of the sea, or the deltas of rivers, where, on 
the occurrence of high tides, the Ireshuess of the water is aflected 
by jiercolation from tln^ adjoining stream, or more directly by the 
occasional overHow of its banks. Other favourite habitats of the 
Diatoinacem are stones f>f mountain .stream.^ or waterfalls, and 
the shallow ]k>o1s left fjy the retiring tide at the mouths of our 
larger rivers, 'rhey are not, however, (’onfined to the localities 1 
have mentioned tii<‘y are, in fact, most ubiquitous, and there is 
hardly a roadHidc*<lit(jh, water-trough, or cistern, which will not 
reward a search, and furnish specimens of the tribe.” Such is their 
abundance in some rivers and estuaries, that their multiplication is 
affirmed by J^rof. Ehrenberg to have exercised an important influ- 
ence in blocking-upliarbours aud diminisliingthe dejdh of channels ! 
Of their e.\'traordmary abundance in certain parts of the Oi^ean, 
the best evidence is afforded by the observations of Sir J. 1), 
Hooker upon the l)uitoimw;eai of the southern seas; for within the 
Antarctic Circle they are rendered |)e(‘uharly conspicuous by be- 
coming enclosed in tiie newly-furmed ice. and by being washed-up 
in myriads by the sea on to th<^ * pack ’ and * b(Tgs,’ everywhere 
staining the white ice and snow of a pale ochrenns brown. A 
deposit of mini, chietlj consisting of the siliceous loricm of Diato- 
inacem, not les.s than 40i) miles long and 120 miles broad, was found 
at a depth of Udween 2t)0 and 400 feet, on the flanks of Victoria 
Land in 70*^ Mouth latitude. Of the thickness of this deposit no 
conjecture could be formed ; but that it must be continually in- 
creasing is evident, the silex of wdiich it is in a great measure 
compost being indestmctible. A fact of peculiar interest in oon- 
nectaon with this deposit, is its extension over the submarine flanks 
of Mount Erebus, an active Volcano of 12,400 feet elevation ; since 
a communication between the ocean-waters and the bowels of a 
volcano, such as there are other reasons for believing to be occa^ 
stoually formed, would account for the presence of Diatoraaceae in 
volcanic ashes and pumice, which was discovered by Prof. Ehron- 
berg. It is remarked by Sir J. D. Hooker, that the universalpresence 
of Siiii invisible v^retation throughout the South Polar Ocean is 
a most important feature, since there is a marked deficiency in 
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this region of higher forms of vegetation ; and were it not for them, 
there would neither be food for aquatic Animals, nor (if it were 
possible for these to maintain themselves }>y preying on one 
another) could the Ocean-waters be purified of the carbonic acid 
which animal respiration and decomposition would be continually 
imparting to them. Jt is interesting to observe that some species 
of marine Diatoms are found through every degree of latitude 
between Spitzbergeii and Victoria Land, whilst others seem limited 
to particular regions. One of the most singular instances of the 
preservation of Diatomaceous forms, is their existence in Guano ; 
into which they must have passed from the intestinal canals of 
the Birds of whose accumulated excrement that substance is ooin- 
jiosed ; those birds having received them, it is probable, from Shell- 
fish, to which these minute organisms serve as ordinary food 
<§ *‘100). 

299. The indestnictible nature of the silicified casings of Dtaio^ 
iiiarcm has also served to perpetuate their presence in numerous 
localities from which their living forms have long since disapfieared ; 
for the accumulation of sediment formed by their sucoessive produc- 
tion and death, even on the bed of the Ocean, or on the bottoms of 
fresh-water Lakes, gives-risc to deposits which may attain consi- 
derable thickmjss, and which, by Kubseimont changes of level, may 
come to form ])art of the dry land. In us very extensive Siliceous 
strata, consisting almost entirely of marine Biatomfijcefn, are found 
to alternate, iu the neighbournood ot the Mediterranean, with 
Calcareous strata chiefly formed of Foraniinl/rra (Clja]> xn.) ; the 
whole scries being the representative of the (^halk formation of 
Northern Europe, in which the silex that was jirobaldy deposited at 
first in this form has undergone conversion into Jllnf^ by agencies 
hereafter to be considered ((jiiaps. xri., xxi.)* Of the Diatomaceous 
comi^osition of these strata wo have a characteristic example in 
Fig. 191, which represents the Fossil DiatornacciO of Oran in 
Algeria. The so-called ‘infusorial earth’ of Richmond in Vir- 
ginia, and that of Bermuda, also Marine deposits, are very celebrated 
among Microscopists for the number and beauty of the forms they 
have yielded ; the fonner constitutes a stratum of 18 feet in thick- 
ness, underlying the whole city, and extending over an area whoso 
limits are not known. Several deposits of more limited extent, 
and apparently of fresh-water origin, have been found in our own 
islands ; as for instance at Dolgclly in Norfcii Wales, at South 
Mourne in Ireland (Fig. 192), and in the island of Mull in Scotland. 
Similar deposits in Sweden and Norway are known under the 
name of ber^j-mM or mountain-flour; and in times of scarcity the 
inhabitants of those countries are accustomed to mix these sub- 
jstances with their dough in making bread. 9’his has been supposed 
merely to have the effect of giving increased bulk to their loaves, 
80 as to render the really nutritive portion more satisfying^ but iMi 
the berg-mehl has been found to lose from a quarter to a third of its 
wmght by exposure to a re<l-beat, there seems a strong probability 
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tLat it contains Organic matter enough to render it nutritions in 
itself* When thus occurring in strata of a fossil or sub-fossil 

Fia. 101, 



J’mttil jyUitoiiuH'm’, &<• , from Omu; — o, «, a, CoMci«odi8CU8 ; h,b,b, 
Acimooylus; <■, l)i(‘tyor.hya.ftbuIii ; </, LithaHteriBoua radiiitiiK ; f, Bpon- 
{jfoliiliis nciciilans; iimmmatopbom parjiUela (nidf vnew); »/, 
Gr»nuimtoi»hora uugulosa (frt>nt vivw). 

character, the DiaUmiacoous deposits are generally distinguishable 
as white or cream-coloured jmwders of extreme fineness. 

{100. For collectiug fresh ib'a/omiime, those general methods are 
to be had recourse to which have been already described (§ 269). 
** Their living masses,’' says Prof. W. Smith, “ present themselves 
as coloured fringes attached to larger plant.s, or forming a cover- 
ing to stones or n>cks in <mahion-like tufts—or spread over their 
surface as delicate velvet — or depositing themselves as a filmy 
stratum on the mud, or initn-mixed with the scum of living or 
decayed vegetation flirting on the surface of the water. Their 
colour is usually a yellowish-brown of a greater or less intensity, 
varying firom a light chestnut, in individual specimens, to a shade 
almost approaching black in the aggregated masses* Their presence 
may (^ten he detected without the aid of a microscope, by the 
absence, in many species, of the fibrous tenacity winch dMin- 
guishes other plants : when removed from their natural position 
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they become distributed through the water, aud arc held iu bus* 
pension by it, only subsiding after some little time has elapsed/’ 

Fig. 102 . 



jjicUatnafen-, &c., froii) Monriit* Mouut;iin, Ireland: — o, a, 
Gaillon (•]]«. (Mtdosira) pnK’era, and G. f^ranulntu ,• d, d, d, G, blseriata. 
(aide Ta;w)j b, />, Surirullit. jdirani; <*, k. rraticnla ; S. cftledonica; 
e, Gomphoiieraa ; f, ( Uwonenia fiigidiuni ; g, Tttbtdlaria vul- 

A, rinuubiria <bictylus; /, P. iiobilie ; /, ^yuedm ulna. 


■Notwithstanding every care, the (xdlected specimens are liable tf» 
be mixed with much foreign matter ; this may be partly got rid of 
by repeated washings in pure water, and by taking advantage, at 
the same time, of the difTereiit s|>ecific gravities of the Diatoms and 
of the intermixed Hubstances, to secure their separation. Sand, 
being the heaviest, will subside first ; fine particles of mud on 
the other hand, will float after the Diatoms nave subsided. The 
tendency of living Diatoms to make their way towards the light, 
will afford much assistance in procuring the free forms in a 
tolerably clean state ; for if the gathering which contains them be 
left undisturbed for a sufficient length of time in a shallow 
exposed to the sunlight, they may be skimmed from the surmce* 
Marine forms must be looked-for upon Sea- weeds, and in the fiw 
mud or sand of soundings or dredgings ; they are frequently fotuid 
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also, in ^^nsiderable numbers, in the stomacbs of Holotburise, 
Ascidians, and Balpt», in those of the oyster, scallop, whelk, and 
other te8tace«ms Molhisks, in those of the crab and lobster, and 
other Crustacea, and even in those of the sole, turbot, and other 
Flat-fish. In fact the Diatom-colicctor will do well to examine 
the digestive CJivity of any small aquatic animals that may fall 
in his way ; rare and beautiful forma Iiaving been obtained from 
the interior of NodUaca (Fig. 297). The separation of the Diatoms 
from the other contents of these stomachs must be accomplished 
by the same process as that by which they are obtained from 
Guano or the calcareous ‘ infusorial earths’ ; of this, the following 
are the most essential particulars : — The giiano or earth is first to 
be washed several times in pure water, which should be well stirred, 
and the sediment then allowed to subside for some hours before 
the water is poured off, since, if it be decanted too soon, it may 
carry the lighter forms away with it. Boine kinds of earth have 
so little imparity that one washing suffices ; but in any case it is 
to l)e continneu so long as the water remains coloured. 'Hie 
deposit is then to be treated, in a fiask or lest-tnbe, with Jlydro- 
clilorio (muriatic) acid ; and after tho first cflcrveBcence is over, a 
gentle heat may be applied. Ah soon ns the action has ceased, and 
time has been givam for the sediment to subside, the acid should 
be poured off, ami another ])ortion addcii ; and this should be 
rej)eated as often as any effect is produc(‘d. When hydrochloric 
acid ceufics to act, strong Nitric acid shonM be substituted; and 
after the first effervescence is over, a continued heat of aljout 20lF 
should be a])pli(’(l for some hours. AVhen sufficient time has been 
given for subsidence, tho acid may lx? poured off and the sediment 
treated with another portion ; and this is to bo repeated until no 
further action takes place. The sediment is then to bo washed 
until all tnuxi of the acid is rcniovt'd ; ami, if there liave been no 
admixture of siliceous sand in lh<^ (‘urth or guano, this sediment 
will consist almost entirely of I)iai<}t}uic> iv, with the addition, 
perhaps, of Bponge spicules. The separation of siliceous sand, 
and the subtlivision oi the entire aggreg<it<i of Diatoms into the 
larger and the finer kind.'*, may be accomjdished by stimng the 
aediment in a tall jar of water, and then, while it is sfill in motion, 
pouring off the supcmatnnt fluid as soon as the coarser j>articlcH 
nave subaided ; this fluid should be set aside, and, as soon as a 
finer sediment 1ms subsided, it shouhl again be poured off ; and 
this process may Ix^ repeated three or tour times at increasing 
intervals, until no further saliment subsides after the lapse of hafi* 
an hour. The first sediment will probably contain all the sandy 
particles, with, perhaps, some of the largest Diatoms, which may 
te picked out from among them ; and the subsequent sediments 
will consist almost exclusively of Diatoms, the sixes of which will 
be 80 graduated, that the earliest sediments may be examined with 
the lower power®, the next with medium |>ower», while the latest 
W0I require the higher imwers—a separation which is attended 
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with great oonvenionce,* It sometimes happens that fosailiaied 
Diatoms are so strongly united to each other by Silicooiis cement 
as not to be separable by ordinary methods ; in this case, small 
lumps of the deposit should be boiled for a short time in a weak 
Alkaline solution, which will act upon this cement more reiwlily 
than on the siliceous frustules ; and as soon as they are softened 
so as to crumble to mud, this must be immediately washed in a 
large quantity of water, and then treated in the usual way. If a 
very weak alkaline solution does not answer the purpose, a 
stronger one may then bo tried. I'lils method, devised by Prof. 
Bailey, has been practised by him with much success in various 
cases.f 

301. The mode of mounting specinuius of Duthmarem will de- 
pend upon the purpose whicli they arc inicmled to serve. If they 
can be obtained quite fresh, and if it be desin^d that they should 
exhibit, as closely as possible the appearance j>r(‘sented[ by the 
living plants, they should he jmt'iip in aqueous media (§ 200) within 
Cement-cells (§ 211) ; but if they are not thus mounted within a 
short time aft(*r tliey have been gatliercd, about a tenth-part of 
alcohol should be added to tlie water. If it bo desired to exhibit 
the stipitate forms in their natural parasitism upon other aquatic 
plants, the entire mass niuy be mounted in Deane's Medium or in 
Glycerine jelly (§ 200 A), in a d(*ej)er cell ; and sncli a ])reparation is a 
very beautiful object for the back-ground illumiiiation. If, on 
the other band, the minute structure of the siliceous envelopes is 
the feature to be brought into view, the fresh Diatoms must bo 
boiled in nitric or hyclroclilori<; acid, which must then be poured 
off (sufficient time being allowed for the deposit of the residue) ; 
and the sediment, after being wash(‘th should ho boiled in water 
with a small piece of soap, whereby tlio Diatoms will be cleansed 
from the flocculent matter which tliey often obstinately retaio.J 
After a further wasliing in pure water, they are to be either 
mounted in Balsam in the ordinary manner (§ 210), or be set-up 
‘dry’ on a very thin slide (§§ lOfs 100). In order to obtain 
a satisfactory view of their markings, Objectives of very wide 
angular aperture are required, and all the rctinernents which have 

• A somewhat mort* romplicatcd me fIloO of applyin);? the same principle 
described by Mr. Okeden iu tin* “Quart. .Joinu. of Mimmc. Seirnce,’' Voh iih 
(1855), p. 158. 'J’ho Author however, that the method alx>ve described 

will answer every purpose. 

t For other methods of cleaning: and {mmaring DiahmiK, see “ Quart. Journ. 
of Mkrosc. Science,” Vol, vii. (185!p, p. 10/, and VoJ, i. N.8. (1861), p, ItJl ; and 

Trans, of Microsc. Boc.,” Vol. xi. N.8. (1803), p. 4, — A little Inx/k entitled 
“Practical Directions for eollectinia:, presorvin)?, transportinjc, prej/aring, and 
mounting Diatoms” (New York, 187/), containing PfliK‘rH by Pmfessom A. 
Mead Edwards, ChrisUfpher Johnson, and Hamilton 1., Smith, will be found 
to contain much useful information. 

t See Prof. 11. h. Smith in “ Amer, Jonm. of Microficopy,” l[ol, v, (I880]b 
p, 257. —It is important that the s/jap should bo free from kaolin, silica, or luay 
Other insoluble matter. 
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veeantljf been itttrodaced into the meibods of need to 

be put in practice. (Ckapg. m. iv.)— It will often be convenient to 
mount certain particular forms of Blaiomimm separately from 
tbe general aggregate ; but on account of their minuteness, they 
cannot be selected and removed by the usual means. The la^er 
forms, which maybe readily distinguished under a Simple Micro- 
scope, may be taken -up by a camel-nair pencil which baa been so 
trimmed as to leave two or three hairs projecting beyond the rest. 
But the smaller can only be dealt with by a single fine bristle or 
stout sablo-hair, which may be inserted into the cleft-end of a 
slender wooden handle ; and if the bristle or hair should be split at 
its extremity in a brush-like manner, it will be particularly useful. 
(Such split-hairs may always be found in a Shaving-brush which 
has been for some lime in use ; those should selected which 
have their split portions so closely in contact, that they appear 
single until touched at their ends.) When the split extremity of 
such a hair touches the glass slide, its parts separate from each 
other to an amount proportionate to tlu' 2 >ressnre; and, on being 
brought up to the object, lirst pushed to the edge of the fluid on 
the slide, may generally be made to seize it. A very experienced 
American Biatomist, IVof. Hamilton Smith, strongly recommends 
a thread of glass drawn-out to capillary fineness and flexibility, by 
which (he says) the most delicate Diatom may l>e safely taken up, 
and deposited upon a slide damped by the breath. — For the selec- 
tion and transference of Diatoms under the (^)mpound ]VIicro8Coi)e, 
recourse may bo had to some of the forms of ‘ mechanical finger ’ 
which have been recently devi.scd by American Diatomists.-^ 

• For a doscriptlon of thoso of T*r(*f. Tljimiltoii Snutli nnd Dr. soo 

“ Joiira. of flA)y, iMirro.se. Sor.,” Vof li. ]’• •'51 ; airl that of Mr. Vwdor 

'Vol. ill. (IH80), p. 7(H», of f‘io .-mnt' .loiuiial. 
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PROTOPIIYTIC AND OTllKR PUNUf, “LICHENS. 

Ii02. In ttio lowest f'ornis of the group of Fungi, wc return to the 
simplest typo of Vegetation — the single cell ; and such forms, 
equity with the lowest AUjiVy rank as Prot*q)lnjioi^^ Their essential 
dirtorence from the Ihotophytic Algio soenis to lie in their inoa|)a- 
oity for the formation of (‘hlorophyll and of oar])on-comjH.mnds, 
untlcr tlie influence of hight, out of the simple binary coinpoimds 

Water, (larbonic Acid, and Ammonia supplied by the Tiiorganic 
world; and in thei^' depeud<*nce (like Animals, § UdO) upon those 
more complex combinations which the Organic world alone supplies. 
'Phere seems, however, to Ih) this general ddferemui between the 
nutrition of h’uugi and that of ordinary Animals : that the former 
not only live, but thrive best, in the midst of di’cahipoHlufj or dncmti- 
pamhle Organic matter, api>areutly utilizing the products of such 
decomposition; whilst the latter directly convert into the.ir own sub- 
stance the nilrog(mouH compounds prepared for tlnnii by Plants, 
sphere are, however, <!}iHeH in which this <listinction, also, seems to 
fail; and in wliich it is iriipossible, in tlie present stahj of our 
knowledgfL to draw a <lofinit(5 lino of division betwecui Favfjl and 
ProtoZfxt fij 

dOd. Among the Prott)phytic Ftinf/!, there are none of which the 
study is more practically important, than the group of Srkkomy- 
rdfift i consisting of a series of very minute organisms known as 
Bader ia, Vlbrloaei^^Sic.^ which were formerly ranked by Fhrenberg 
and Dujardin among Animalcules. They are nil mpiatic in their 
habit, and are in that respect allied to Ahfin; but they cannot live 
in pure water, thriving best in liauids that contain decomposing or 
decomposable organic matter; whilst many of them also grow and 
reproduce themselves in solutions in which animonia-salts of the 
vegetable acids (acetates, tartrates, or citratf's) are combined with 
purely inorganic ash-salts, ho that they may be ‘ cultivated’ in such 
liquids for the pur^mses of study.* 'Phus the Hchi::omycdeH 
resemble ordinary Plants in forming Kitrogenous conipounds out 
of ammonia, which Animals cannot do; while tlu^y differ from 
green Plants in their inability to form (Jar bon -compounds by 
the decomposition of carbonic acid, requiring for their support the 
carbo-hydrates or their derivatives.- They all consist of minute 

• Cohn's Holption is roiuposcU of 1 part of T^hosyjbftta, I TWut of 

Magnesiiitn Sulphtthi, 2 parts of Aminontiun TarlniU*, and 0*1 part of (Jkldniu 
Chloride, dissolved in 2iH) parts of distilled water. — Se<i also p, 146 note. 
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cells, whicli multiply rapidly by Bubdivision ; and most of them, at 
some stajje of their existence, have the power of moving more or 
less quickly through the liquid they inhabit, by the action of 
fla^ielta. Although usually colourless, or nearly so, they sometimes 
form reddish, bluish, or brownish colouring matters; and thus, 
when they multiply to a sufficient extent, make their presence 
apparent to the unaided eye, either as coloured films on the sides 
of the glass jars holding the solutionH, or as {in the cases of blood- 
colourea milk and hhie-green pus) imparting their colour to the 
whole liquid. Liquids in which any of tlvesc Hchizotnyc.otc8 are 
actively developing themselves, nsually hear on their surface u 
gelatinous scum, which is termed by IVof. (’ohn (who first drew 
attention to it) tlie Zoofjhpa. This scum, when examined micro- 
scopically, is found to contain SchhAnnijci'tvn, sometimes of several 
different kinds, and in diflorcnt stages of development, often min- 
gled with true Jiifii-mn-la, matted together into a mass ; at the edges 
of which they present themselves in a more separated condition, 
and seem escaping to disperse themselves freely through the liquid 
beneath. By Prof, Cohn,* who has made a sj>ocial study of this 
group, it is considered to include a large number of generic and 
8i>ecific types, whose distinctness is always preserved; but other 
oijaervors, who liave devoted themselves to the more prolonged 
and complete study (by ‘cultivation’) of a small number of forms, 
Heem to nave made it clear tliat there is -at least in certain types— 
a wide mnge of variation ; so that when the entire life-history of 
any one type shall be completely known, a number of supposed 
8j>ecies will ne merged in it, either as /roa.sjVory p/o».scs of its exist- 
ence, or as varivfics resulting from differences in the media in which 
they develo[>e themselves.f There, are, however, five well-marked 
types, of each of which it will he desirable to give a separate 
account; namely— 1. Micrococrus ; 2. Uartrritm ; lb Bacillm ; 4, 
Vibrio; and 6. 

304, The ^[lcrocorr^ are darkish or coloured granules, so minute as 
not to be measurable with ccitiiinty, and destitute of any power of 
movement; which may occur either solitarily, or forming small 
groups or beaded chains, such as would be produced by cell-division ; 
but which may also aceuinulate in irregular aggregations. The 
Manas prodiyiana of Ehrenberg, which is sometimes found impart- 
ing to the surface of mouldy bread a blood-red tinge (attributed by 
the superstitious to a miraculous exudation of blood), is regarded 
by Cohn as a Microccx'cus. There is considerable doubt wnether 
any of these Micrococci are independent organisms ; as it is cer- 
tain that some of them ai'c nothing else than sporules of Bacteria 

♦ “Beiiriige anr Biologic dcr rflauzfu,” liaud i. Heft ii. (1872), and Heft uL 
(1875); Bftudii. Heft ii. (Ih7»). 

f 0 €M» cspeckffy Pmf. E. Bny T.aukt^titer’s nccount of ‘A Peach -colounxl 
Hacterhmi* in “ Q,u«irt, Jouru. Micn>8c. Science,” Vol, xiii. (1873), p. 408; and 
Mr. d, 0. Kwart*On thu Life-hismry of ikjciltus tti^thrachf in Vol. xviiL 
(1878), p. 161, of tlie wuue Journal, 
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or DacilU (Flaie xti., %». M), But as some oi tlu»m4o not, 
under cultivation, dovolop themsclvcH any hijjlicr form, con* 
tinuiug to multiply aa isolated colls by binary sulnliviHioD, they m\iat 
for the present be ranked as distinct.* 

305. Bacteria art? minute oblong cells, whitdi are usually seen 
attached in pains end to end (Fig. 103, a, <.')* but not unfrequently 
present themselves singly (n, i>), the pairs being prodiu'ed by the 
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self-division of solitary cells. They are usually si'eu in ‘ vacillating’ 
movennmt, produce*! Ijy the action oi’ their flut/rlht, of which, m 
their paired state, each c<*ll bears one at its fret' i?xtrcmity, whilst 
the solitary cells bear a llagelhitn at <‘aeh extremity. The forma- 
tion of lh(j second llagelliun .st'tons to take place hy ibc drawing-oiit 
of a filament of protoplasm between two cells that are st'parating 
from each other (as in Fig, li>(>, o, 5), the ruplnrt' of which gives a 
new liagtillum to each. Two species of Ibis tyoe, dilfuring conside- 
rably in size, have been es])Ocially sttidit'd. 3 no cells of Badorlim, 
fei'tnn (Fig. lih{, a), which stsuu to ho the ‘ fcTinent’ of ordinary 
putrefactive change, have a diamebir of about l-ilP,O0(»th of an 
mch, ami are soimrA'hat longer than they are broad. Their fiagolla 
are so mirinte as to Ixj among the most ‘ difiicult’ of all Microsoopic 
objects (]). IPd.) ; their diameter being estimated hy jMr. Uallingor 
at no moi*e than l-200,()00th <»f an inch.f Although this sp 
does not ordinarily 7tiulti])ly. in any other way than hy transverse 
sulxlivision, yet, under ‘cultivation’ at a temj^erature of 80^ Fahr., 
its celJs have been seen to elongate ihc'mselves into motionless rods, 
resembling those <»f Bacilli (Plate xii.), whose endopluKra breaks up 
into separate particles that arc set free as small, bright, almost 
spherical spores, which sometimes corigregab; so as to form a 
r;ooyhea-film. 'Phese germinate into short, slender rods, which arc 
at first motionless, but soon undergo transverse fisshm, and then 
acquire flagella.^ — The B. liavnla^ which is the special ‘ ferment ’ 
tbat turns milk sour, occasioning the convergion of its stigur into 
lactic acid, has about three times the length and diameter of the 
preceding, and exhibits much stronger lo-and-fro movements. 

306. The special peculiarity of BacHlm consists in the exteuaion 

* See Ewart in ** Proceedings of Royal Hociet^^” Jtun; 20, IK78. 
f Joura. of Roy, MicrofH*. Soc.,^* VoK i. (IHTS), [>. 175. 

J Ewart, htc* dt, 
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fit IM& lotto dtmiflbt rods, sometiiiios of ootiiiadmbk 
idkif^ lit^«itp l&f ttmmvme mhdmdon into mmmU ^lA, 

Imn « BaJpBum at oitBer end, tboogli, nriien the eolk lure 
lioivod (lika those of Baeteria), each carries a Bagellum at its free 
ondaloi^* The B, mhtili^i (Vibr%o euhtiMs of Enrenberg), found 
in stale boiled milk that is undergoing the butyric fermentation, 
is a slender supple thread (Fig 194, a), whose cells average about 
l*-t>>0CK)th of an inch in length » moving in a * pausing’ mannei, 
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**liko a fish forcing its way through reeds” ''Hie JJ. ahitf 
(Fig. 194, li), found by (’ohu m a stale mtusion ot boiled egg, is 
^stmguished fioin tne pieceding by the greater thickness of its 
filaments and by ats rigidity. The IS an f hi an s, which is found m 
the blood and tissues of animals affected with carbuncle and splenic 
f6ver,tiBU.allypiesents it elf in straight slender rods, of from 1- 2,000th 
to 1-10, 000th of an inch in length (Fig , these, so long as they 
are imbedded in living tissues, seem to multiply ludt finitely b> 
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Mittbsl Hods of Jloctlfftx fxb n«li ig in lotis b« twoeu conii(*etiv<* 

tissm^-libreis of bubcutaueous tissuo 

f rati»vcr«e diviaion (Plate vii , 5, 6), thus continuing to produce short 
inotde filaments, fuminlied with fiagclla, \\ ithout extending them- 
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«<4vo 3 iiitu longer fUamenta, or giving origin to spores. When, 
liowever, these are ‘ cultivated’ at alxjiit the temperature of 
<hcj lengthen-out (after alternations of rest and motion) into very 
long lilaments (2-2), whost^ endoplasm divides into numerous at'g- 
inents (t^), which may again divide (10, 11), ami then rapidly con- 
tract to form spores (12, Id). These s])ore8, escaping by tht' 
disintegmtion of the filamentH (I t, 17), and presenting themselves 
(1) as Ali(Tococens-fonnH, may either multiply as round or oval 
ctdls l)y binary sulxiivision (2), sometimes aggregating into a 
zoogboa (d); or they may at once develop lliemselvcs (4, 5) iutK) 
the straight rods fliaracUn-istic of the i3'j>e. 'I'he s]>(>ruliferou« 
lilamcnt.s (20, 21) are often of very iiuieli smaller diameter than 
the ordinary rftds ; and are disj)osed to break up and aggn^gnto 
ihemseUes eilber into an ordinary zoogliea (10), or into a double 
spiral rop(‘.work {2d).* Jt n])pcars from M r. K wart's later obscr- 
vutionsf on a IJucUIuh from sea-wjiter resembling H. (fnihrurh in 
size and form, that by ih<' continued Hubdivisiem and aggregation 
of th<' j'pores {or, imssibl}', by the emission of tlieir contents), 
granular masses of considerable size arc produced; the rupture of 
whicii hy pressure ditfuKes over the lield ilitur component granules, 
everyone of wliich seems capable, wlnm placard in a drop of h('H* 
water, of germinating into a rod. If, as seems probable, Bimilar 
‘ minimizativ)n ’ and multiplication of the reproductive germs tiikes 
placer in Kartr,'!,/ also (as it will be sliownto do in the true3fo//ads 
(§ 417), the idea of Ihc universal dilfnsion of such germs through 
the atmosphere, whicdi se(mis neeessary to account for thcj phenio* 
meiia of putrefaction (§ dlO), should not be found difficult of 
acce])tani*e. 

do7. 'Hie r/7ov»////><, althougli very long known, have not been 
-•tudied with the same complotem*ss as (Alier Si‘lLi:,niiii/re((’ff^ *^niey 
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l'\jur indivjdualt, ni l iht .o rug^tia, oiit:h nhoxMjig lltip llujii al oue* or 
Ixith finis; two othio- iinh vidnals, a ftUfl A, etjjiai-jtting from each other, 
drawing out protoplasmic iilanicnt to form their second firtgells* 
Magnified tliamet^O’S. 

resemble Bacilli in the Hlendcmess of their fonus; but instead of 
being straight and rod-like, are flexible, with more or Ic^s of 
H-shaped crin'ature. They jireseiit tliemselveH abundantly in i«- 
fuslons of decomposing organic matter, in aimbination with other 
Bacteria -form 8, from which they are distinguishable by their 

♦ Bw Ewart, hr. rit. t Po^cemlings of Boyal Society/’ J uac 20, 
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wavy serpentine tnoYement. The length of one of the commonest 
«j)ecie8, r. rugula (Fig. 196), is usually from l-l,200tli to 1-2, 500th of 
iin inch. 

$08. Spirilla, which are the largest of the whole group, are 
characterized by the S 2 )iml coiling of their cells (Pig. 197), and by 

Kk;. 107. 
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A. tSpirUlum iiiuiula, fliij^rclluiii at t jm li rjid. .'>.(,1(10 difMUrlci’ti. 

U, ifiifiii ro/nfuti?.. (h,iTiU't«M’&. 

their cor]is('n‘w-lilvO niovcitient ; uml an' found not t^o much in 
newly-deconij*osing infuHious of <>rganic inntlrr, as in stale liquids 
which havtj passed tltrough the active stages of ]>utreseoT3CO, 
Nothing has laieu eertainly known, until recently, oi: tlu'ir liie- 
hintory ; but the obs(‘rvatioiis of Messrs. Ueddt's tind Kwart* «t;em 
to HMider it clour that they 2 *ass through a series of stages closely 
eorrOKpoudiug to those t4’ Jlaeillus. The * /ooghoii’ tihu formed by 
th(f aggregation ot has a brownish tint ; some of the 

organjsins of winch it is eonipused are at rest, and others in 
rapid movement, d’he resting ISpIrilltt are sometinu's nearly 
utruight, wit h a slight curvature at one or boih ends, the curve 
increasing until tin* characteristic spiral of the motile form is 
attained; and the change from the still to the motile state may 
take place very rapidly, often with a passage through a transition 
yihrio stage. But Np/riV/'/ou, like the forms already described, may 
lengthen-out into long lilaments, which lose tlieir characteristic 
twist and their motile powers ; and their endojilasm breaks up 
into spores, which, after their escape from the tilamcuts, form 
a distinct capsular investment, which liolds them together in 
groups while multiplying by subdivision. Sometimes, again, a 
mere cellulose envelope is fornunl, in which the smres he irre- 
gularly imWdded, continuing to multiply by sulKliyisi^m, so as 
to form largo irregular masses. The development of the sj^fOre 
into a filament commences by the putting-forth of a .small curved 
prolongation, which gives It the shajH) of a commn : and as 

• Pnn'redinjTS of June 20. 
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a^ery possible gradation in sixe and form is scon between tbo 
smaliest comma and the largest tilament, there can be no 
reasonable doubt of tbe development of the former into the latter. 
Granular spheres are also seen, which may consist, like those of 
BaeilluHi ot particles emitted from iho spores, and capable 

of development into a new generation of Spirilla. 

iU)9. Of tbe wliole of this groa)> it may be remarked that, so far ns 
is yet known, they multiply either by transverse cell-division, or by 
the breakiug-up of their endopla.sm into snores, the production of 
which is (mtirely non-sexiial. Nothing like ‘ conjugation/ or any 
other form of sexual Generation, has yet been witnessed in any of 
them ; and until such shall have been discovcnul, no confidence 
cun be felt that we know the entire life-history of any one type.*-—' 
It is a fact of great importance in tin' ])hysiology of the 
that, in certain stages of their lives, tln'y can n^sist 
both viU'y high and very low temjieraturcH without the loss of their 
vitality. In tlie active state of ita' , the}' apjs^ar from the 

experiments of Ur. Mitlam (whieh were conducU'd under the HUpor- 
intoud(*nce of Vrof. (kdin) to be killed by continuous exposure to a 
tenijK^rature of 1:2 1 for thn'c hours, or to 1 bV for thirteem or four- 
teen hours, jilthougli ca]»able of sustaining a teni]>erature of 120*^ for 
a short time without losing their vitality. But in the Mld'ocacfftn- 
stage, although kilb'd by being hnHcd for a lew minutes, they can 
sustain exposure to a //ry heat of ‘ddo' J''ahr., but are killed by 
being heati'tl to 'dfS’-t And this is probably the explanation of 
the fact, that iVof. M'yndall found that he could not steriiuo au 
infusion of old la if <the Bacteria-gorms eontaiued in whieh may be 
supposed to liave liad j>cculiarly dry hard (Uivelopes) witlumt boding 
it continuously lor several liours; though repeated short boilings 
with intervals of cooling would effectually d<stroy their power of 
gcrniinatiug.t Even severe, cold does not destroy the vitality of 
BacU'ria and iJurilH in their ordinary condition, although it 
su.spends their activity ; for yAo'/erb/. have been found to recover 
themselves comphg-oly after exjiosnre 1o a biinperatnrc of 0^ Fahr. ; 
and the sjiores of IjacUlnH onthnirln have re<tovered tlnur germinal 
]X)wer after ex]>o.sure for several hours to a t'un[)eraturo averaging 
8^ below the zero of Fahrenheit. 

dlO. When these facts are allowed their due welglit, no difficulty 
ought to lie felt in admitting the action of fJaderla, &c., in pro- 
ducing decoinpoMition, under conditions which might at first view 
be fairly supposed to preclude the possibility of their presence. 
This action is altogether analogous to that of the Yoast-plaut 

• AsitsS '^ms unqur^stionabk* that among higher Fungi ‘ eaujngatian^ 
often takes plm’e at a very early sUigo of growt)», it M^oniN u not hnprol^ble 
nurmiiMi tliot Ihw* ‘granular spheres' obserwd hy Mr, J'iw.art in JtitrUliu «nd 
SpitUlanit which to correspond with the ‘ mieroplasts’ observed by PlX)f. 
K* Kay l/ankesmr in his Ihu-Urhim may be a pnxltiet of conjngatioB 

in of these oTgaiiisnm. 

t Ihdtriige zur lliologie der rflanr/*n,” Heft 3 (ISTw). 

J *■ Fhih’sophical Tnaniwtioue/’ is77, p. 1S3. 
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tatdelj modes bj Profeawors Liater, Tyndall, and others, aeem to 
uniter to leave no reasonable doubt on these two points- 
(I) that putrefactive fermentation does not take place, even in 
p^nids which are peculiarly disposed to pass into it, except in the 
presence of Bacteriargermn ; and (2) that neither these germs, nor 
nay others, arise in such liquids de vovo, but that they arc all 
conveyed into them by the air, when not otherwise introduced. 
Whether there are different specicH of iiac/eri/tm, BucilluSt <&e., 
which (as maintaiiiod })y some) excite distinct forms of disease 
respectively peculiar to them, in the bodies of animals into which 
they find their way, is a question whadi h<‘ thinks is scarcely yet 
rij>e for decision. Strong evidence iu its favour is afforded by th(* 
facts now accumulated iu regard to the transmission of special 
forms of disease by inoculation, in some instances with 
germs, and in others with very minute germinal particles termed 
iftdi^rozymt^K, whose nature is still unknown. Tims ‘ splenic fever ’ 
is proau(*ihle by the inoculation of BacUhis auilmteh', and the 
typhoid fever of the pig by inoculation with another sjK'cies of 
JtaeiHffif ;f the ])Iants having been iu both cases * cultivated/ so as to 
be free from other contaminating matter. Again,ithaH been ascer- 
tained by careful microscopical examination of the fluid of the Vac- 
cine vesicle, that it is charged with a multitude of minute granules 
not above l-20,0u0th of an inch in diameter; and it has been 

* q'lu'expcriim'uts wliii'h luiv(» ahvuN -n S(‘eniO(l totlw' A utlior niO‘st huI isfartory^ 
arc tlioHC ui which the careful jittrntu>n of the air (as by sinijily plugging the 
mouth of ties tuU' or tlask wait e(»tlon-\\oo]), or its pur.Jicntion by the subsi- 
dence of tl»{‘ minute parti('lcs it ordinarily holds in 8Usp“iision (asdi'monstrated 
by I’rof. Tyndall’s ojitioal preveutM juiy putrefactive eh.nige from taking 

place iu organic litpuds < xpoM'd to it. 11“ iNouId refer such as wish to stiuh 
this important (piestion, to the following I’api'rsin particular: — I’lot. HuxleyV 
I'rt'sldontial Ad<lrcss to the British As^wuition in 1H7U, n-priuO <1 iu his 
*’ CrithpieB and Adflresses;" Prof. Lister on * Mueteria and tin t ienu-th*mry,* iu 
*‘(^Oftit, Journ. of Micro'>c. Science,” Vol. xiii., ]>. 'kth, on • d'lie JNaturti ot 
l'Vrme*nt»tion' in vol. xviii. of the same Journal, p. 177, and his Address to tin 
British Medical As<»ociationat thimbudge, in * l>nr. Meti. Journ.' IHSi), p. 3t>H; 
mid Prof. TvndalUm ‘Tie- Optical DcjMirtnicnl of the Atmosphere iu llelntiou 
to the I*henomct>a of Putn-faetiou and Jnh'ction,' iu“ Philos. Transact.,” 187G, 
p. ^7, and ‘Further Kest-jnehes’ in Philos. Transact, 1H77, j). 140 ; also, fur 
an acoonnt of nH'»‘nt Pathelogical researches by Pasteur and others, ‘Jouni. ot 
iloy, Miortw. J-’oe.’ vol. lii. (IHsu), pp. 10(M»-1020. Thu doctrines advanced ou 
tho other able in IT. H Pharlton K.».st inn's “itegimungs (d Life,’’ do not, in his 
pidgmcnt, stand the t« st of ngid .scrutiny. 

f The dried blmsl of luir.schithat letddiediu India of ‘ Lot^diann fever,' having 
iHien »ent to the Brown Institution, a ewp of itm Ulm rt«fAmci> wae grown 
from it, which repn*<iuced th»> disease iu healUiy auiniftki.—- The very imjxirtnnt 
hicihAsbt^en dimviveriHl at the aanie Institution, that the ‘larwers’ gminii’ 
largely tniHd an food for cattle, affoul a eudi w'hleh is |K*euliarly favimraWe /or 
tho growth and devidupment of the s^hire-tllamenta of /IwUIhs { and an 
obvioits esrplftnaUon was given of an f>pid*‘mic of anthraiL in a previuo«l> 
uninfected diKtrict, destroying a lajge uumber of auiniala, all of which hadbetm 
/ckI with ‘graius’ obtained from a particular brewery. 
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furtJb^et 4eiermmed tU««6, miher than tho finid in wbicb 
aire ftuapetidedt are the acUve a^ats in the production of a aimUni 
v^^icle in the akin into which they are inserted. This vesicle tnusl 
oott^n hundreds or thousands of ‘ inun'ozymes ^ for every one 
ori^noUy introduced ; and it is obvious that ihiur multiplicatiot] 
has so strong an analogy to that of JJiirtcna, as U) suggest tht 
idea that it must take place by a like proce'^s of (‘.elbdevmopmeat 
Himilar observations have been made upon (Uandors, Sht^u-pox 
and (Jattlc plague ; so that an animal miffi'ring under either of the»< 
terrible diseases is a focus of infection to others, for precisely thi 
same reason that a tub of formf^utiug ))eer is capable of propagating 
its fermentation fresh wort.* — A most notable instance ot such 
propagation is afforded by the spread of tin* disease tormec 
*|Hmriue' among the Silkworms of the south of Fritnee; tho mor 
tality caused ])y it beiug estimated to ]>roduee a money-loss of fron 
three to four millions sterling annually, tor sovoral years following 
wlicii it first broke 0 !it with violence. H has been shown 
mieix>sco[»ic investigation, that in silkwfirms strongly affected witi 
this disease, every tissue and organ in the ImxIv is swarming witI 
minute cylindrical corpuscles about ]-t>,(HK>tU t>l‘ an inch long; anc 
that the.se even pass into the undeveloped eggs of tho female moth 
so that the* di8ea.se is liercditarily transmitt«*d. And it has beoi 
further asc^ertaincd l>y the researclies of Fasteur, that the8< 
corpuscles are the a<'iivo agents in the protluction of the disease 
whu*h is engendered in healthy silk worms by their reception int( 
their bodies, whilst, if due precautions h(*1iilven agulnsl their irans 
mission, the malady may be completely exterminated. 

►111. Nearly allied to the frs in th(3 Kimplioity of it^ 

character and in its ‘zymotic ’action, is the H<i('rh(iHKmjre>f(Tomla 
ce>‘( ; the prcsenct* of which in Yeast gives to it the power oi 

exciting the alcoholic fermentation in saccharine li<|uid.s. When a 
.small drop of yeast is placed under a iuagnif>iiig }K>vvcr of 400 oi 
oOO diameters, it is .seen to contain ti large luinilicr of globular oi 
ovoid cells, averaging ah iut IdbOOUth of an inch in diameter, foi 
the most part iHi>lated, but HometimcK connected in short scries 
and each coll is tilled with a nearly colourless ‘endoplasm,’ usnall) 
exhibiting one or mure vacuoles, but never .showing a uudens 
When placed in a f<*rmeatih1c ffuid coiibiiniug some form of nitro- 
genous inutt<;r in addition to sugar, t tln*y vegetate, in themannei 
represented in Fig. 108. KacU cell jmts forth one or two projec- 
tions, which seem to be young cells developed a» buds or offsets 

* Sis- IVof Uantin Sandt*ra<»n * Ou tho Iiitinnff Pathology of f’otitagiou’ iv 
tli(^ Privy ('/iunx-il “ U'-ports on tho I'ublie llortlth” for 1S70. 

t It appfjars from the rosearohos of Past^su, that althoud* tl‘<' im*«cooe ol 
Albumvnouft nvAtb'r (such as is rontaiued lu a Haerlmnuo wort, or lu the jtiiwv 
of fruits) favours the growlh aud re prwi action of Veast, yet tht* t it cau hvu and 
multiply in a «ol«tiinj of pure Sugar, eoolaining aminonmm-turtmU’ %vith 
amall quantities of Mineral salts ; Ifac dee<iinj»<>sition of the ammouta-suth 
affording it tli« nitrogen it requires for the production of proUqd.iMn, while the 
imgar and water supply the carbon, tneyg-u, aixl 
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ih& dt a slioritimey h&* 
0m0 oeBa, and ^in perform tlie ittme procees ; aod m 

ihiJi ittiiuioer the emgle ceBa of yeaat derelop themselves, in the 
oOuree of a few hours, into rows of four, dre, or six, which remain 
in conUnnity with each other whilst the plant is still growing, but 
which separate if the fermenting process bo checked, and return to 
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Tot'iHa ('(}'*'! Hiff, or V«‘ isl-planf, as tlov^'lopod duini;^ flic process of 
fomeutatiou . -I/, r, <{, -^Ufccssivo s of cell JuuIti)>licatiou. 


the isolated condition of those which ori|>iuaIly constituted the 
yeast. Thus it is that the quantify of >cdst first introduced into 
tho fermentibh* Hnid, is inulti[)li(‘(l six times or more during the 
changes in which it takes part. Under certain conditions not yet 
determined, the Yeast-cclis multiply in another mode — namely, by 
the breaking-up of the endoplasm into segments, usually four in 
number, around each of wiiich a new ‘cell-wall’ forms itself; and 
these Ciulogonlduf (which coirespond with the * zoo'^pores’ of Alga', 
save in having no motile power) being sot free by the dissolution of 
tho wall of the parent-cell, soon enlarge and comport themselves 
as ordinary Yeast- cells. Ko conjugation or other form of sexual 
action has yet been ol 'erved in Torulti ; and there are various 
reasons for surmising that wo do not yet know its whole' life-hibtory. 
"Many other Fungi of like simplicity have the power to act as 
‘ferments:’ thus iu wiu(3-making, the fermentation of the juices of 
the grapes or other fruit employed, is set going by the deveiopmeiit 
of miautij fungi whose germs have settled on their skins ; these 
germs not being injured bv desiccation, and being readily trans- 
ported by tho atmosphere in tlie dned-up state. There is reason 
to bdiovo, moreover, that a similar ‘ /ymotic' action may be excited 
by Fungi of a higher grade in the earlier stages of theii* growth; 
tho alcoholic ferment ation being set-up iu a suitable liquid (such 
as ap B^u^us solution of cane-sugar, with a little fruit-juice) by 
sowing in it the sporules of any one of the ordinary ‘ moulds,’ such 
as PetneiUiiitii gUiHctnu, Mnc>n , or -bsyicrqi/f/n*?, provided the tem- 
perature be kept up to blood-heat , and this even though the solu- 
tion bos been previously heated to Fahr., a temperature which 
nmst kill any genus it may itself contain.* 

♦ Soe tUo ol>servRfions of Lttders, in S<*hiilzo’s ‘‘ArohivfurMj'kro- 

ill., abst meted lu^* Quart. Jouru. Mierosc. Sei,’* 

VuK xhi. I IHtJP*);, p. 



iKSABtrma the bodies bt jcftmaa.' # 

312. Thfl ScureitM vmtrieidi (Kg. 199) i« anotlter 
wMch seems related both to Ahjm aud Ftiugi ; correspoadiug 
me former in its aquatic 

habit and mode of growth, Kio. 190. 

and with the latter in re- 
quiring organic matter of 
some hind for its hustc- 
iiance. This Plant is inost 
frequently found in the 
matters vomited by ]ier- 
KOiis saflPering under dih- 
order of the stomnch, but 
lias also been tuet witli in 
other diseased ]uirts of 
the b()dy. It ban beo7i 
detected in the eoutenls 
of the stomach, ho\v(‘ver, 
under circuiustuncos 
which seem to indicate 
that it is not an uucoin- ^ftiJna rentt'U’iU’. 

inon tenant of that organ 

even in liealtli, and that it )nay aceunnilato there to n conside- 
rable amount without producing any iuconvenienee. It seems 
j>robable, therefore, that its |m*«cii(‘e in disoJiHc is rather iu be con- 
sidered as favoured by the changed state of the 11 aids which the 
diHcaso induces (cither an acid or a fermeniiblc Htate of the contents 
of the stomach having been generally found lo exist in the cases in 
which the jdiint .has been most abunduiitb tluin to bo itself the 
occasion of the JiMcase, as some have supr>oH(*d. Th(' Sarchia pre- 
sents itself in the form of clusters of adhiTont ctdls arranged in 
squares, (‘acli s^juare containing from 4 to 04 , and the number ol 
celLs being obviously multiplied by duplicative subdivision in direc- 
tions transverse t>o eiudi otlier, Jn fa<^t, its general mode of growth 
w’^ould indicate a near relation to one of the 

which presents itself in similar quadripartite aggregations; but 
there can b<' little doubt that a.s no fructification has yet boeu seen 
in it, only its earlier and simpler condition is yet known to us; and 
its true place c.annot be determined until its whole life-history shall 
liave bc*en followed out. 

Hill. Another torni of Fungous vegetation that devolopcs itself 
within the living body, and wUh'h is of great economic importance 
ufl well as of bcientific interest, is the Ti(tfrj/ih hattBuma (Fig- 
2(X)), a kind of ‘ mould,’ the gro^vdh of which is the real source of 
the disease termed which formerly carried off Silk- 

worms in large numberH, ju.st when they were about to enter 
the chrysalis state, to the great injury of their breeders- The 
plant presents itself under a considerable variety of forms (^7^)* 
all of which, however, are of extremely simple structure, consisting 
of elongated or rounded cells, connected iu nocklaoe-like Elaments, 
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▼eiy nearly as in the ordinary ‘bead-moulds/ The aporulea of 
this fungns, floating in the air, enter the breathing-pf>res (Fig. 

Fkj. 200. 



fkttrgtig lMfMiiina:~A^ the fuincu*^ it ru‘>l ana' ll' '* the 
tjrlttces of the stiji^mata ; ii. tubular tilaiuents i^'nriupr sluu't 
(vniiiches, ft» seen two days aftorwanl^ ; E, nw^uitleh \iew <,»f 
the same t c, i\ a^yjK-wjuuce of filRUKtuf?* (ui the fourth and 
ttlxih days { r, masses of mature HmnTS bailing off the bniuches, 
with tilwntmte proce<.*ding fnnu theou 

which Open into the tracheal system of the Bilkworm ; thej first 
' 'op ^emselves within the air- tubes, which are soon blocked 
np by their growth ; and they then extend themselves through tl» 
fhtty mans wmenth the akin, occi^oning the dcstmction of ^ia 
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tissue, which 18 very important as a reservoir of nutriment to the 
animal when it is about to pass into its chrysalis couditiou. 
'.rije disease invariably occasions the death of tlio worm which it 
attacks ; but it seldom shows itself externally until afterwards, 
when it rapidly shoots-forth from beneath the skin, especially at 
the junction of the rings of the body. Although it spontaneously 
attacks only the larva, yet it may be communicated by inoculation 
to the chryfcuilis and the moth, as well ns to the worm ; and it has 
also been observed to attack other Lepidoptcrous Insects. A core* 
ful investigation of the circumstances which favour the develop- 
ment <»f tliis disease was made by Andouin, who first discovered 
its real nature ; and he showed that its spread was favoured by 
the overcrowding of the worms in th<‘ ]>roeding establishments, 
and particularly by the practice of throwing the bodies of such a» 
died into a heap in the immediate iieighbt)urhood of the living 
worms ; I'ur this liea]) speedily In'came covered with this kind of 

* mould,’ whhdi found up(»n it a most c(»ngenijil soil ; and it kept 
U[) a continual supply of sporules, which, being diffused through 
the atmosj)ln're of the neighbourhood, were drawn into the breatli- 
ing pores of iudiviiluals previously healthy. The precautions 
(•bviously stiggestcd by the knowledge of the nature of the disease, 
thus afforded by the ]\fi<'Tos(-‘ope, liavirig been duly put in force, its 
ex'teiisioD was succcHslully kept down. 

t. An example of the Idee kind is frequently presented in the 
destruction of the common ilouse-lly by a minute fungus termed 
Eitqit>bn ttn'scL In its fully developed condition, the spore-liearing 
lUauKuits of this plant stand out from the body of the fly like the 

• pile ’ of velv<*t ; and the siiorea thrown off from these in all 
durection.s form a whit(‘ circle round it, as it rests motbnless on 
a window-pane. The lilament.s which show themselves externally 
are the fructification of the fungus which occupies the interior of 
the Fly‘.s body ; and this originates in minute corxmscles which 
find their way into the circulating fluid from without. A healthy 
fly shut up with a diseased one, takes the disea.se from it by the de- 
jiosit of a spuruie on some {>ai*t of its surface; for this, beginning 
to germinate, sends out a })roces.s which fifids its way into the 
inferior, either through the broathing-pfircs, or between the rings 
of the body ; and having reached the iuteri(;r cavities, it gives off 
the niinnte corpuscles which constituU} the earliest stage of the 
Enij^tna.- - Again it is not at all uncommon in the West Indies, to 
see individuals of a species of Polldcft (the representative of the 
Wasp of oiir own country) flying about with plants of their own 
length i>rojecting from some part of their surface?, the germs 
of which have been probably introducefl (as in the preceding 
through the breathing-pores at their sides, and have taken root in 
their substance, so as to produce a luxuriant vegetation. In time, 
however, this fungous growth spreads through the body, and 
destroys the life of the insect; it then seems to grow more 
rapidly, the decomposing tissue of the dead Imdy being still more 
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a^laptod than the Hiring structure to afford it uutriraent. — A 
growth of different species of the genus Sphiuria takes place 
in the bodies of certain caterpillars, in Xew Zealand, Australia, 
and China y and being thus completely pervaded by a dense sub* 
etanoG, which, when dried, has almost the solidity of wood, these 
caterpillars (jome to present the appearajice of twigs, with long 
slender stalks that are formed by the growth of the fungus itself. 
The Chinese species is valued as a medicinal drug. 

dl5. The stomachs and inte.stiues of many Worms and Insects 
are infested with parasitic I ungi, whitdi grow there with great 
luxuriance, (n the accompanying illustralioiiH (Figs. “201, *202) are 


I'uf. “201. 

it 



.whown some of the forms of th(^ 
which has been 
found ]»y Dr. Leidy f to bo so 
couHtantly ]>re.s(*nt in the 
stcniaeh of certain species of 
(gnlly-worm), that it is 
exlnunely rare to meet with 
individuals wbo.so stomachs do 
nnt Contain it. The Fliiterobryus 
originally cons.i.sls ol a single 
long tu}>ular coll, which some- 
times grow.s in a spiral mode 
(Fig. 20]). Hom(‘tinie.s straight 
and tapering (Fig. 2<)2, a). In 
its young state the cell contain.s 
a transparent protoplasm, with 


• JiHm-il, „f fi„m ami plubnles of various 

ninrouM mninl-raut* <*| Nt.)ma<'h ot si^e.s ; but ill its more advanced 


rt, epitlK'lml of' juu'*o«s n»oin- condition the tube oftbc filament 
Inline j //, spinil lilHjijonf of is occupied by cells in various 

pnuitiry cell ; (/. y stages of development; tbesfr 

distend the terminal part of 
the cell (Fig. 2b2, n), aud pre.ss so much against each other 
tiiat their walls become tliittened: whilst nearer the middle of the 


»ame filament (c) we Hud them retaining their rounded form, and 
merely l^ug in contact wdth each other; and at the base (d), they 
he detached iu the midst of the granular proto{daKm, In E. A'p/'erd/s 
the primary cells (Fig. 2^1, h, c), very commonly have secondary 
and ternary cells (d) developed at their extremities; but this is 
rarely seen in E. (Fig. 2(>2). It may be coiivsidered os 

next to certain that the tubular filaments rupture, when the con- 
tained cells have airived at maturity, and give them exit ; aud that 


♦ J. Ins plant, also, ha.s muck afljuity to Alg® in its goneraJ typo of structure, 
ami 18 to that group by many boutnists; but thu conditions of its 

«8 in the of .Vomair, seem ratln^r to indicate its aflSnity to tko 
lutigi ; and until its pr<»jx‘r fnictifl^^ation shall have boon made otig its tnio 
place iu the s«‘ale must considoml ns m»deb*rminf*d. 

t *S*^itbs,mian (Attributions to Knowleilgc,” Vol. v. 
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these cells are developed, under favourable circumstances, iTit<> 
tubular Blameuts like those from which they sprang ; but the pro- 
cess has not yet been thoroughly made out. This is obviously not 
the true Gqnt'ratiou of the plant, but is analogous to the develop- 
ment of zoosjwes in Jchhfn (§ 2b0). — It is not a little curious, 


F k;. tJO'j. 



Stnirluv'- of j'.idirohrtin^ — A, J.!O^Uh of //. fi'ont 

irnH5ouK iiu'nihvinn' ot of ; n, oxtr*!- 

mity of pviiuHiy rt 11 of t filled wilh Ke('j>!Hlfuy crdls, 

\vhu’li. iie.-ii* it> ternnjmti»)M, lx come mufaully llattened 
pressure ; c, haver poiti<ii) of the Hlann’iit, containing 

cells miiif^led witfi gr.iiiuh's : j>. Ini'^e of Die sjune tlhiinent, 
containing ghtbulcs iiiter.s]M'rw*d anutng gmunles. 

moreover, that the Entozoa or parasitic Worms infesting thi^ 
alimentary caruil of these animals slioiiM bo often elothed c.i7feraaZZf/ 
with an abundant growth of such plants: in ouo instance, Dr. 
Leidy found an bearing twenty-three filaments of 

hnjuti, “ w'hieh appeared to cause no inconvenience to the animal, as 
it inoveil and wriggled abotit with all the ordinary activity of the 
species.” The presence of this kind of vegetation seems to be 
relati’d to tlie ])eeiiliar food of the animals in whose stomachs it is 
found; for Dr. Leidy could not discover traces of llicsc or any other 
parasitic plants in the alimentary canal of the f'dniworouif Myrm^ 
pods which he examined ; whilst he met with a constant and most 
extraordinary profusion of vegetation in the stomach of sl herb ivonniH 
Beetle, the PnnH/Unft rorindnSf which lives like the luli, in stumps 
of old trees, and feedvS as they do on decaying woo<L 

did. There are various diseased condition s of the Human skin 
and mucous membranes, in which there is a combination of fun- 
goid Yegetation and morbid growth of the Animal tissues : this i» 
the case, for example, with the Tinea favosa^ a disease of the 
8C£dp, in which yellow crusts are formed that consist almost entirely 
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of the myodinm, recepfaclcs, and spomlcs of a fnni^ns ; and the like 
2 $ true alBoof those white patches (Aphtha?) on the lining membrane 
of the mouth of infants, which are known as tJmish, and of the 
exudations of ‘ Mse membrane ’ in the disease termed, diphtheria. 
In these and similar cases, two opinions are entertained as to the 
relation of the Fungi to the diseases in which they present them- 
selves : some maintaining that their ])resence is the essential con- 
dition of these diseases, which originate in the introduction of the 
vegetable germs; and others considering their presence to be 
secondary to some morbid alteration of tbe parts wherein the 
fungi appear, which altin’iitioTi favours their development. The 
hrst of these doctrines derives a strong support from the fact, that 
the diseases in (juestion may be coinmuiueated to healthy indi- 
viduals, through Die introduction of the germs of the Fungi by 
inoculation ; whilst the sticond is rather consistent with general 
analogy, and CKpccially with what is known of the conditioiiH under 
which the various kinds of fungoid ‘ blights’ dovclopc themselves 
ill or upon growing Plants (§ is not a little remarkable 

that even (Jorals, Shells, i^ish-scalcK, and oilier bard tissues of 
Animals, are not. unfre<|uent]y penetrated by fungous Yegetation, 

Fi(5. ‘201. 



('Ojuit-nu (Ifmr. 

which usually presents itself in the form of simple tube.s more or 
lc588 regularly dis|Hisc<l (Fig. and closely resembling those of 
an orainary a (compare Fig. ‘J07, n), but occasionally 

exhibits a distinct fnuditicathni that enables its true character to 

bo rooognbed.* 

• Soo KolUkv^r 'On the Fn qiient Ocoum‘iie(' of Fara- 

thr Hard Tissues of AninudK,' ui “Quart. Joiiru, of Mierof*<’. Seience,” 
Vol viil 171. — Proviously to the publication of liis fneud Pmf. K.*« 

impfr, the Author had himstdf arrived at a similar ooiK'lopioti in regard to 
the nature of many of the tubular stmetim's n ljidt had b»*<‘n ongl 

naily regarded mt mendy by himself, hot by Pml KdUiker, »» proi^n* to tb« 


DIFFUSION OF Moui^D, mtm% mo. m 

017. There are scarcely any Microscopic ohjeoU more heauiifni 
than some of those forms of ‘mould* ot ‘mildew/ which arc 
commonly found growing upon the surface of jams and other pre- 
serves ; especially when they are viewed with a low magnifying 
power, by reflect^ light. For they present thomselvos as a forest 
of stems and branclies, of extremely varied and elegant forms 
<Fig. 204), loaded with fruit of a singular delicacyof conformation, 
all glistening brightly on a dark ground. In removing a portion 
of the * mould ’ from the surface whereon it grows, for the purpose 
of inicros('opic. examination, it is desirable to disturb it no moretlian 
can be liel[)ed, in order that it may be seen as nearly as possible id 
its natural condition ; and it is therefore preferable to take up a 
portion of the iiuimbraue-like substance whereon it usually ro^s, 
which is, in fact, a hnjrt limit composed of iiibndaciug filaments of 
the voifeUitny' jjarl of the plant, the stems and brauclioa being its 
rei>i'odaAicn portion (§ ‘.Ul)." The universality of the anpearance 
of these sim])le bams of Fungi iipofi all spots favourable to their 
ilevelopment, has given rise to the Udud’ that they are HjKintaneousIy 
produced by decaying substances : btit there is no occasion for this 
mode of jiccounting for it ; since tlie extraordinary means adopted 
by Kaluro for the j>rodueiion ami ddrusiou of the germs of tnesc 
]dants adecpuiiely Kuthco to exjdain the facts of the case. The 
number of sporules wliirii any one Fungus may dovelope is almost 
incalculabt;; a single individual of the puff-ball tribe has boon 
tioinputed to sen<l forth no fewer than ten millions. And their 
minuitmess is such that tliey are scattered through the air in the 
condition of the finest possible, dust ; bo that it is difficult to conceive 
of a place from whiidi th(*y should be excluded. This universal dif- 
fusion was (dearly proved sevt'ral year.s a, go by an experiment made 
by Dr. Brittan.of Bristol; who caused air to he pumped for several 
hours together through an inverted .si)>h<5n, the bend of which was 
immerscil in a freezing mixture, so as to condense the a^iuoous 
vapour of the a’/inosjdiere. ‘rUis water at last came to be tinged of 
a (ioep brown hue ; and was found, when microsco))ically examined, 
to be cduirged with niultitudcK of gjiurulesor Fungi. More recently, 
Prof. Tyndall has sliowoi, by a peculiar application of electric light, 
that all ordinary air coni ains a multitucle of excessively minute 
Molid particlcK susixjnded in it; that these, being for the most part 
destructible by heat, are chiefly organic ; and that they may be 
(iither atrainctf off, so ns to render the filtered air ** optically pure,” 
by passing it through cotton wool, or may be got rid of by allowing 
them time to subside in a closed (diamber wIiomo bottom Is smeared 
with glyc<‘rin<‘, so that they arc held down when once they have 
settled on it. 

218. This mode of explanation has received farther confirmation 

Shells in wlji»‘h occur. — rrolDuncau has rccogniawd like parasitic 

apparently to Achl^a^ 5 250 (which is now ranked by many moong 

Fnngi), both in aiul Fossil FopaU. Proceed of Itoy. Hoc*/’ Vo!. 

XXV. P* “ Quart. Juuru. Geolog. Boc.” Vol. xxxia, p. Sf!5^ 
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from the facts recently ascertained, in regard to the great tmrnher 
of forma under which a aingle germ may devolox>e itself For it has 
been ascertained with regard to the Fungi generally, that different 
individuala of the same species may not only develope them- 
selves in very dissimilar modes, hut may even bear dissimilar types of 
fructification ; and further, that even the same individual may put 
forth, at difierent periods of its life, those two hinds of fructifica- 
tion-^the Jiasidio-eporoni:, in which spores are developed by out- 
growth from free points {hitHuHa), and the Attrinuprttou^, in which 
they arc developed in the interior of (‘ases {tlivccn or esr/, Fig. 205) 
— which had been prcviouHly conHidere<l as separately characterizing 
the two principal groups into which tiie (Huks was primarily 
divided. But tlie spores uroducod from the ‘ fructifica- 

tion* in this C'lasH are a(l nou-sexual or fpmlditil (§ 228). in a 
large proportion ofil, nothing whatever is known of the iViie Genera- 
tiva process ; and wlien ver it has been detected, it is performed 
in a manner that carries us back to the hiin})licity of the lower 
Algal types. — 'I'lnis tlu^ mijeelUim of the common J/ncor, which 
forms the * bnnvn moul<r of l'rea<l, preserves, consists of a single 
cell, which first sends forth wide-spreading ]n*anches that exteml 
over tlie surface on which it grows, and then <lov(iop,s a vertical 
pin-like stem, eniurging at if s tt)p a little globular ‘ head,' the cavity 
of which is cut ofi' from that of the stem ]»v a partition, so as to 
form a separato * sporangiar cell, -svliose eiuhjplasm breaks up into a 
number td’ ‘ micro-gonidia an<l (?vory one of tliesc, when set free by 
the bursting of the sporangium, can give origin to a new mycolinm. 
But the (jcncrative act is performed in the mycelium itself; two 
branchcvS of whi<’b, corning into contact with each other at their 
free extremities, then* ibrru Kcparato terminal crdls, the fusion of 
which unites their two endoplasms into one (just as in the conju- 
gation of § 2 55); and this, surrounding itself with a 

thick cell-wall, ber'omes an ‘ o(>sj)ore,' wdiich may remain a long 
time in the dry stale without gcnninaling. It is by the formatioi* 
of gonldUiy tliat a * mould’ whose g4*rm has fallen upon a fruitful 
soil rapidly extends itself over a large surface ; whilst the carrying 
of the odifporcs by currents of air forms the chief means of 
its transmission to a distance,— The PenielJlium, or ‘green mould/ 
on the other hand, setulH-up from its mycelium a branching stem, the 
ramifications of which sulHlivide into a brush-like tuft of tilamentfi,. 
each of which bears at its extremity a Bucccssion of minute ‘ beads’ 
termed eonidia. These, detaching themselves and falling on a 
suitable soil, forthwith germinate into new mycelia; or, drying up, 
are disseminated by atmospheric curixuit^, without loss of their 
vitality. Here, again, the (lencrativc act is perfonned in the 
mycelium ; but by a somewhat more complex apparatus than in 
Mucor. One of "its branches elongates, and coils spirally upon 
itself into a corkscrew-like body, the mca'jotuvm^ which constitutes 
the female organ; whilst amdher branch acts as the male organ, the 
pollhmdum, which extends itself over the spire, and communicates 
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to( its endoplasm some fertilizing material from its own* The germ 
thus formed becomes enclosed in a mass of sterile tissue; and within 
this it developes itself into a cluster of iucif eachcontainingnumerous 
spores, whose liberation gives origin to a ‘ new generation.* 

319. The ‘ cntophytic* Fungi which infest some of the Vegetables 
most important to Man as furnishing his Kta})lo articles of food, 
constitute a group of special interest to the Microscopist ; of which 
a few of the chief examples may here be noticed. The mUdett^ 
which is often fouiul attacking the straw of Wheat, shows ituelf 
externally in the form of circular clusters of pear-shaped a$d or 
spore-cases (Fig. liOo), each containing two compartments filled 
with sporules; th('se(known as the 
VuecliLia (jrmmius) arise from a 20 .). 

filamentous tissue constituting its 


tfiifrellitmy the threads of which 
interweave themselves with the 
tissue of the straw ; and they 
generally make their way to the 
surface through the ‘ .stomata* or 
breathing- pores of its epidermis. 
The rust, which makes its appear- 
tince on the leaves and chatT-scales 
of Wheat, has a fructification that 
seems essentially distinct from 
that just described, consisting ot 
oval spore-cases, which grow with- 
out any regularity of arrange- 
ment from the threads of themyco 
lium ; and hence it lias be(?n con- 
sidered to beUmg to a difierent^ 
genus and specicM, Vr^’do ruhujo. 
But from the observations of Prof. 



Henslow, it seems certain that 

‘rust’ is only au earlier form of Puccima oviinuiug,K>v 'Si\U\\:w. 
‘mildew;’ the one form being 

capable of development into the other, and the fructification charac- 
teristic of the two supposed genera having been evolved on one 
and the same individual.— It is another reputed species of Ured<^ 
(the JJ. Hetjeiam)y which, when it attacks the flower of the wheat, 
reducing the ears to black masses of sooty powder, is known as 
mui or dmt-hrand. The corn-grains are entirely replaced by 
aggregations of spores ; and these, being of extreme minuten^s^ 
are very easily and very extensively diffused. The hunt or $iinkin^ 
Ttist is another species of Uredo (the XJ. fast Ida), which is chiolly 
distinguished by its disgusting odour. 

320. The prevalence of these Blights to any considerable extent 
seems generally traceable to some seasonal innuences unfavourable 
to the healthy development of the cereal; hut they often m^o 
their appearance in particular localities through careless cultivatum^ 
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0 r want of due i)Tecautk)n in the selection of seed. It may be con- 
sidered as certain that an admixture of the spores of any of these 
Fungi with the corn-grains will endanger the plant raised from 
Uiem ; but it is equally certain that the fungi have little tendenc}’ 
to develope themselves in plants that are vegetating with perfect 
healthfulness. The wide prevalence of such blights in bad seasons 
is not difficult to account for, if it be true (as the observations of 
Mr. John Marshall several years since rendered probable) that 
there are really veryfeto wheal-grains, near the points of which one 
or two sporules of Fungi may not be found, entangled among their 
minute hairs; and it may be fairly surmised that these germs 
remain dormant, nnless an unfavourable season should favour 
their development by inducing an niibealthy condition of the 
wheat-plant. — ^The same general doctrine probably applies to the 
Peronospora^ which has a large share in the prmluction of the 
** Potato -disease and to the Oidiiau, which has alike relation to 
the Vine-disease” that was prevalent for some years through th{» 
south of Europe. There seems no doubt, that in the fully developed 
disease, the Fungus is alway.s ])resent; and that its growth and 
multiplication have a large share in the increase and extension of 
the disorder, just as the growth of the Yeast- plant excites and 
accelerates fermentation ; while its reproduction enables this action 
to be indefinitely extended through its instrumentality. But just 
as the Yeast-plant will not vegetate save in a fermentible lluid— 
that is, in a solution which, in addition to sugar, contains some 
decomposable nitrogenous matter — so does it seem j)robablc, on 
consideration of all the phenomena of the Potato- and Vine-diseavses; 
that neither the PeroiK^spora of the one nor the Oidium of the 
other will vegetate in perfectly healthy plants ; but that a disordere<l 
condition, induced either by forcing and therefore unnatural 
sjrstems of cultivation, or by unfavourable seasons, or by a com- 
Innation of both, is necessary as a ‘predisposing’ condition. This 
condition, in tlu‘ case of the Potato-disease, is said by Prof. De 
Bary to consist in an undue thinness of the cuticle, accompanied 
by excessive humidity; whereby the sporules of the fungus will 
germinate on the surface of the plant, sending out processes which 
penetrate to its interior, though otherwise germinating only on cut 
surfaces. 

321. In those lower forms of this Class which have Ijeen now 
described, there is not usually any complete separation between 
the Nutritive or vegetative, and the Keproductive portions of the 
fabric. But such a separation makes its^f apparent in the higher ; 
and this in a very I’unoua mode. For the ostensible Fungi, known 
aa Mushrooms, 'roadstools, Puff-balls, Ac., consist, in fact, of 
nothing else than the organs of gonidhi fmdificaihn {I?^. 206), 
eaeloamg an enormous mass of uon-sexual apores; while the 
apparatus of these plants is composed of an indefinite 
which is a filamen^ns expansion (Fig. 207, a), com- 
fiosed of elongated branching cells interlacing anumgst each other, 




CUirarki criapuld iH>rtif)u of tUo mycelium nvtgmacd, 

has not hitherto been detected with certainty in these higher Fiuigi, 
although it has been supposed by some observers to be camm-on 
in the mycAiUnm, And their Life-history needs now to be carer uUy 
re-studiwl, with all the assistance derivable from our in^cas^ 
knowledge of the simpler types of the group, and with the skill 
which can only be acmiireil by considerable practice m Micro- 
scopical invesligation,— -vThe subject, however, is one of mich peculiar 
that it can not be advantageously pursued further m a 

Treatise uke the present, . , ^ i u 

322. Many eminent Botanists still rank in the Fwigdl^nm of 
Protophytes a very peculiar group, the Myxoniyeetm, im 
bm of which pass a largo part of their lives in a state of what 
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can «cai!^ly otl^erwise described than as one of Amnial exlst- 
^oe. They grow parasiticaUy upon decayed wood, bark, heaps of 
decaying leaves, tan-beds, &c. ; spreading over damp surfaces as a 
plasmo&Jtfm, or network of naked protoplasmic filaments (Pig. 208, 
i), of a soft creamy consistence, and usually of a yellowish colonr. 


Fig. 208. 



Bev«lopmejit of Af^jccmyceUM : — A, plasmodium of Didifuium Berpula 
n, BnceOMive sfAg^js, a, 0^6, of sporosACs of Arcyriaj^axxi ; — c, ripo spore 
of altmm ; n, its contents escaping ; E, f,o, the swarm-spore 

first bec<2aniDg Cagellated^ luid then amoeboid; h, conjugation of two 
amoeboid^, which at t have fused together, and at ^ are beginuing to 
put out extensions and Ingest nutriment, of which two pellets are seen 
in its interior. 

The filaments of this network exhibit active undalatory movements, 
which In the huger ones are visible under an ordinary lens, or even 
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to tKe nak«d eye, but which it requires mierosoopio power to 
discern in the emaller. With sufficiently h^h ampli&^tioii, u 
constant movement of granules may be seen flowing along the 
threads, and streaming from branch to branch. Hero and there 
offshoots of the protoplasm are projected, and again withdrawn, in 
the manner of the pseudopodia of an Ammha; while the whole 
organism may be occasionally seen to abandon the support over 
which it had grown, and to creep over neighbouring surfaces, thus 
far resembling in all respects a colossal ramified ammha. It is 
also curiously sensitive to light, and may sometimes be found to 
have retreated during the day to the dark side of the loaves orin^ 
the recesses of the tan over which it had been growing, and agaiti 
to creep out on the approach of night. — ^After a time there arise 
from tne surface of tins phtsmodiitni oval capsules or sporangia 
( b , a, a', h)i within which the reproductive bodies or ‘spores* arc 
developed, and which burst when mature to give them exit. Each 
‘ spore* is a spherical cell (c) enclosed in a <lelicate membranous 
vroU ; and when it falls into water this wall undergoes rupture (n), 
and an Amo)ba-like body (k) escapes from it, consisting of a little 
muss of protoplasm, with a round central nucleus enclosing a 
nucleolus, and a contractile vesicle. This soon elongates (f), and 
becomes pointed at one end, whence a long Jiagdlum is put forth, 
the lashing action of which gives motion to the body. After a 
time, the SagoUuni disappears, and the active movements of the 
spore cease ; but it now begins to put forth and to withdraw finger- 
like pseudopodia, by means of which it creeps about like an 
and reeds, like that llhixopod, upon solid particles which it engulfs 
within its soft protoplasm. A * conjugation* then takes place be- 
tween two of these Myrntumbcc (u), their substance undergoing a 
complete fusion into one bixly (i), from which extensions are put 
forth (k), that constitute the beginning of a new plasmodium. 
This continues to qrow by the ingestion and assimilation of the 
solid nutriment which it takes into its substance; and, by the 
ramification and inosculation of these extensions, a network is 
formed resembling that from which it originated, to bear sporangia 
in its turn, from which a new cycle will commence. 

323. Under certain conditions not yet perfectly understood, 
the MtjzomyciiUH have been observed to pass from the ociaye 
into the ‘resting* state ; and this may occur both in the ammlxMd 
spores and in the plasmodium. The former return to the spherical 
form, and surround themselves with a firm envelope ; and in this 
* cnqysted* condition they may be dried-up so as to be carried about 
as dost, resuming their original activity when again placed in 
water. When the plasmodium is about bo pass into the ‘restii^* 
statoi it withdraws its finer branches, and expels such solid ingesta 
as may be included in it ; and its motions then gradually ceose*^ It 
then either breaks np into a multitude of polyhedral cells (?), whimi, 
however, remain connected in one body, that dries into a horny 
britUe mass termed ' sclerotium or separates into a number of 
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frag^ntg of tmequal size, whicH take a spH^oal foi^ and become 
* encysted* in a double envelow. Both these * resting* forms may 
undergo desiccation without the loss of their vitality. When, after 
many months, the dry sclerotiam is placed in water, it swells up, 
and its cells (?) again flow together into a protoplasmic mass, whiwi 
soon resumes its former life as b> ^lasmodium. So when the thick- 
walled cysts, after being long desiccated, are placed in water, their 
cysts rupture, and their protoplasmic bodies issue forth, to lead the 
life of Anmhm, and to form fresh i^lasmodia, either by themselves, 
or fusion with other like bodies.'*' 

di4f. Another most interesting connecting link between the 
Vegetable and Animal kingdoms, is an organism discovered by 
Mr. W. Archer t — sometimes witkin the leaf-cells of Sphagnum 
(§ 329), and sometimes attached to the surface of its leaves — ^to 
twoh he has given the name of Ghlamidamyjila lahjrlnthuloideti 
(Fig. 209). In its early condition, whilst still inhabiting the Sphag- 
num-cells, this parasite resembles a large thick- walled Vegetable 
cell, with either green or red cell-contents ; and is found to consist 
of a firm many -layered envelope which shows a distinctly-r^ciiwfesc 
reaction, enclosing a colourless hyaline substance, through which a 
great multitude of gninulos are dispersed, some of them of a bright 
red, and others of a yellowish-green colour, — the numbers of the 
two bearing so constant an inverse proportion to each other, as to 
make it likely that the red are produced by a colour-change in the 
gre^. If this state alone were known to us, we should have no 
hesitation in regarding the organism as a Vegetable cdl, the ‘ endo- 
plasm* of which consists of protoplasm with chlorophyll-granules 
disperBed through it. But as it augments in size, it produces a 
bulging of the wall of the Sphagnum-cell, by the rupture of which 
it makes its way to the surface; and a new stage in its history 
then commences. Though the many-layered cellulose wall is so 
ten as to resist a considerable amount of external pressure, it 
bursts open from within, aud the endoplasm then streams forth, 
carrying with it its imbedded granules. The protoplasmic trunk, 
olmost mreetly that it leaves the cell-cavity, begins to subdivide 
into branches, from which others are put forth ; aud by this con- 
tinued ramification and the inosculation of the offshoots, an ex- 
tended network is formed, consisting of threads of extreme tenuity, 
la constant motion along these are seen minute fusiform particles 

* The very peouliar histoiy' of the Mgseomiicetet (previously ktiown 
Myimgast^ Fungi) wa« ftr»t investigated by Do Bary, who was disi)K>s«d to 
regfurd them as Auinials (* Die Mycetozoen,’ m Zcitschr. f. w. Zool.,*^ Bd. x., 
1^). The subject was taken itp by Oienkovrski, the rcsuib$ of wh^ carefol 
study of it will be found in ids admtmblu Meiuoirs, ‘Zur Entwickelaugs- 
gesdukhte der Kyxomyoeten/ in Pringshoim's ** JahrbUcher,” Bd. iii (18^), 
fip» ^5, 400, and ‘ iJeber eluigo Klujn^ioden un4 vorwnndt© Orgaotsmeii,* in 
** Arohiv t Mikr. Anat.,** Bd. xii (lb7e), p. 15 1 and he also is disposed to rank 
thk group in the Animal kingdom. On the other hand, Prof, Bachs and other 
h%h Botmuoal authoii^ei continue to rank it among FangL 

* t Ihwwt. douru. of Uioroac. Sdence,** Vol. xv. (1875), p. 107 . 
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of a bluish-^een colouf, wbich are obviously ideatical with the 
round granules of the central mass, these changing their shape as 

Fig. 209. 



labarintituhidcn: — showing the proiophwmic nuiss ex* 
tendrng itself from Uierupttmid cvHulose eiireloi)^, and forming *i *!?*!» 
work whose threads are trav<‘r8ed by fusiform partieles ; <t, «h isolatsa 
masses of protoplasm; 6, a captured Navicula about to b© drawn into 
the protopm^c mass. 

they go forth to wander along the filaments. Sometime® the pro- 
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toplasm ac^znialates in particular apots, forming ^islanda* (a, a), 
eaoli of ■which may be<5orae a centre of fresh radiation for hyaline 
threads. These accumnlations frequently take place round Biatoms» 
Besmids, or other minute Vegetable organisms (6) ; which, being 
thus imbedded in the extensions of the protoplasmic body, are 
drawn towards it by their retraction, and at last engulfed whbin 
it. It would appear that the whole of the protruded endoplasm 
may bo retracted into the original cell-cavity, and that this may 
be closed up again by the formation of a new layer of cellulose 
within the old ; for tlie indigestible parts of various organisms,, 
that must have been introduced in the manner just described, are 
often distingnisliuljle through the walls of completely closed-in 
s:^>eolmeus. Mr. Archer has been unable to detect a ‘nucleus/ 
cither in thebod.y of liis Chlamidomifxhy or in any of its extensions; 
but contractile vjuuioles,* executing pretty regular rliythmical 
movements ai‘o to bo seen, not only in the body and primary 
stem (in which they are usually very numerous), but also in the 
branches, and not un frequently in the ‘ islands* also. Thus in it» 
extended condition this creature leads a life which is essentially 
Animal, corresponding in every particular with that of the ‘ reti- 
oalariati* lih hopodn hereafter to be describotl (Chap. x.). — Nothing is 
yet known of its Keproduction. Mr. Archer ha.s met with large indi- 
vidnals, the contents of whose many -layered cellulose wall had 
divided itself into a number of smaller orange-coloured spheres, of 
nearly equal size, each of which had its own cellulose wall ; and it 
con scarcely be doubted that on the escape of these from the parent 
cyst, each would lead an independent life resembUng that of its 
progenitor. It seems probable, moreover, that the outlying masses 
of tne protoplasmic extension may detach themselves and live inde- 
pendently, each forming a cellulose envelope for itself.™ Hut until 
* conjugation * or some other kind of sexual union shall have been 
discovered in this curious organism, wo cannot bo said to know its 
whole life-history ; and the peculiar interest which attaches to it 
renders the further study of it in the highest degree desirable. It 
may be hoped that the excellent observer by whom it has been 
hl’C^ht to our knowledge, may ere long find himself able to supply 
the missing link. 

Lieu Ex.s.— -The Microscopic study of this group has latterly 
ftC^ntred a new interest for the Botanist, from the remarkable 
woovety announced in its complete form by Schwendener in 1809* 
(iltd now accepted by the highest authorities), that iustead o| 
cCliaHtuting a special type of Taallophytes, parallel to Al^m (with 
which they correspond in their vepetative characters) and Fungi 
{ixt which they are more allied in fmctijimXwn), they are really to 
be regarded as composite structures, Living an Algal base, on 

^ R«o liis memorable work " Uober <lio Algentypen der Flock tongonidiea** 
(Itosel, IdCilb wbicb is said by Prof. Sachs f ‘ Text-book of Botany,"* p. 27S) 
to have settled for the future the place of Liohous among the Atoorngcttes t. 
and Sir J. I>. HcK>ker*s Presidential Address to the Hoysl S^iety, 1870. 
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which Asoomycetons Fungi (§ 318) have aowu themoelves and liv© 
paraeiticaUy. Ag, however, they do not furfiigh objects of interest 
to the ordinary Microscopiet (the peculiar density of their structure 
rendering a minute examination of it more than ordinarily difRcult), 
nothing more than a general account of their curious or^nizatiou 
will here be attempted. — The Algal ‘ thallns* of a Lichen oolongs to 
the group of PalmuXlacm (§ 24-3) or its allies ; and consists of cells 
termed gonidia — usually green, but sometimes rod or bluish-green-^ 
interspersed among long cellular filaments. The j>roportion between 
these two components of the thallus varies in different examples 
of the type. Tniis, in the simplest Wall-lichens, the Palmella-iiko 
‘primordial cell’ gives origin, by the ordinary jirocess of coll- 
dnision, to a single layer of cells, which spreads itself over the 
stony surface in a more or less circular form ; and the ‘thallus,’ which 
increases in thickness by the formation of new layers ux>on its free 
surface, has no very defined limit, and, in conHe(jucnce of the slight 
adhesion of its components, is said to be ‘ pulverulent.* But, in"tho 
more complex forms of Lichens, the thallus ivS mainly composed of 
long fibre-cells, which dip down into the 8iii>orficial layers of the 
bark of the trees on which they grow, and form by their inter- 
weaving a hard crustaceouH ‘thallus’ in which the gonidla are 
imbedded, sometimes irregularly, sometimes in definite layers, 
covered by an envelope of interlacing filaments. It is from this 
Algal portion of the structure, that the Horalia of Lichens are 
formed; which are little ])rojections of the surface, composed of 
single or aggregate r/ouidla, invested by fibre-cells, ana falling, 
when dry, into a powder, of which every particle is a bud, capable 
of reproducing the plant from which it proceeded. 

32t). The fructijicfftion of Lichens, on the other hand, is really 
the production of their Fungal overgrowths, which are nourished by 
the Algal vegetation. The Lichen-forming Fungi, in fact, live upon 
their Algal hosts, like the Entoph^dic Fungi (such as the ‘ blights* 
of corn, § 219) which infest the higher forms of Vegetation; 
each of the former choosing its own Alga, just as the latter mostly 
attach tliemselves to particular victims. The peculiarity in the 
parasitism of the Licnen-fungi lies in the fact that they are not 
attached to their host externally at any one particular spot, and do 
not penetrate into its cells, but weave themHelves rouna them, and 
enclose them in their hyphal tissue.” (Sachs, loc. cit,)— The 
formation of sexually produced ‘spores’ takes place in and or 
* spore-cases,* an'anged vertically in the midst of straight elongated 
st^ile cells termed paraphyses, so as to form a layer that lies either 
on the surface of cup-shaped receptacles termed apothrem, or^ is 
completely enclosed within perithecia. Each of the asd contains 
a definite number of spores (usually eight, but always a multiple 
of two), which are projected from the receptacles with some force: 
and their emission, which seems to be due to the different effects of 
moisture upon the several layers of the receptacle, is often kept Up 
contmuonsly for some time. The formation of these ascU as in the 
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case of ihe ordinary McomvceUs (§ 318), is the result of a sacual 
imiou, which takes JJlace between the male epermatia and the 
female trieho^yne. These spermatia are produced within spermo- 
goniiii which resemble on a yeiy minute scale the male receptacles 
of the J^ucacem (§ 328) ; being budded off from the exterior of the 
cellular filaments that line those cavities, and, when mature, 
escaping in great numbers from their orifices. Having no power of 
sxmntaneous movement, they must probably be conveyed by the 
infiltration of rain-water to a irlchogyne (resembling that of the 
Ceramiaceodt § 330) which lies imbedded in the tissue beneath; and 
when they have imparted their fertilizing influence to the contents 
of the ancogmimut at its base, these develope themselves into a 
sporo-bearing apofhecinmf — the whole mass of spores which this 
contains being the product of the cell-division of the originally 
fertilized ‘ od«|)ore.’ 



CHAPTER Vlil. 


MICROSCOPIC STRUCTURi: OF llUillER ( HVPTOGAMIA. 

327. From the siinplo Protopliytes, whoso mmutonoas caxiscs 
their entire fabrics to bo fitting ot)je(jts for Microscopic examina- 
tion, we pass to those higher forms of Vegetable life, whoso larg(w 
dimensions require that they should be analyzed (so to speak) uy 
the examination of their separalx) j tarts. And in the present 
<lhapter we shall bring under notice seme of the principal points 
of interest to the Microscopist which are presented by the tVyp/o- 
ijamir, scries; commencing with those si nq tier AlgUi which scarcely 
rank higher than Honio of tho Protoj>hytes already <lc8cril>ed, and 
ending with tho Ferns and tlnnr allies, which (doscly abut upon tho 
Pfumoroifuiit^ui or i'^lowering Plants. Jn asceriding this Horics, we 
slnill have to notice a (jrndiutl tVi}\ ri'.duiiluit of organs; thoscs set 
apart for Reproduction being in tlie first place separated from tliosc 
appropriate<l to Nutrition ; while the ju'incipal ]>arts of the Nutri- 
tive a[)j>aratus, which arc at first so Itlendtid into a uniform expan- 
sion or ifidlUiH that no real distinction exists between root, stem, 
and loaf, are progressively cvolvo<l on ty]»eM more and more peculiar 
to each respectively, and have their functions more and more 
limited b) thomHolvos alone. Hen<;e wo find a ‘ dilterentiation/ not 
merely in the external form of organs, but also in their intimate 
structure; its degree bearing a close c<ure8])oudeuce to the degree 
in which their functions are respectively sp&ialhed or limitetl to 
particular actions. But this takes place by very slow gradations ; a 
change of oxtenial form often showing itself, before there is any 
ilecide^l differentiation either in stmeturo or function, l^hus in the 
simple Viva) (Fig. 144), whatever may be tho extent of the thallus, 
every part haa exactly the same structure, and perforins the same 
actions, as every other part; living for and by itself alone. And 
tliongh, when we pass to tho higher Soa-weed.s, such as tho common 
Wucus and Laminaria, we observe a certain foreshadowing of the 
distinction between Root, Stem, and this distinction i« very 
imperfectly carried out ; the root-like and stem-like portions serving 
for little else than the mechanical attachment of tne loaf-liko part 
of tl^ plant, and each still absorbing and assimilating its own 
nutriment, so lhat no transmission of fluid takes place from one 
iK>rtion of the fabric to another. There is not yet any depart^ 
from the simple ccUidar type of structure ; the only moditicatioii 
being Ihat the several layers of cells, where many exist, are of 
different sizes and shapes, the texture being usually closer on the 
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exterior and looser witMo ; and that the texture of the stem and 
roots is denser than that of the leaf -like expansions or fronds The 

Fro. 210, 



A, Tonniuftl port ion of branch of Uphwtlaria cirrhosa ; ii, 
latcml branchlct ()f .V. trilmhide^, the tcrnxiual C5oU of vrhich is 
emitting autluT 07 A)ids. 


group of Mvlmioi^iermous or olive-green sea- weeds, which in the 
family Fucanw oxliibits the highest type of Algal structure, 
pres«mts tia witJfi the lowest in the family Ectocarpacmi ; which, 
notwithstanding, contains some of the most elegant fabrics that 
are anywhere to be found in the group, the full beauty of which 
can omy be discerned by the Microscope. Such is the case, for 
example, with the jSpluicelario, a small and delicate soa-weed, 
which ia very commonly found jmrasitic upon larger Aigte, ei^er 
near low-water mark, or altogether submerged ; its general form 
being remarkably characterizea by a symmetiy that eiSends also to 
the individual branches (Fig. 210, a), the ends of wi^pdi, however, 
have a decayed look that seems to have suggested the name of the 
genum (from the 0reek gangrene). This apparent decay 

really eonsiste in the resolution of tlm endochrome <n the ters^bal 
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into antlierossoids, which, when mature, escape by an opening 
with a loi^ tubular noch, which forms itself in the wall of the 
spJuwela, The same happens with the tenninal cells of the peculiar 
lateral branchlets, which are known as propagative buds ; as is 
shown at b. The germ-cells have not been certainly recognised ; 
but they are believed to be pro<luce<i in what have been considered 
as propagative buds in other individuals. 

o 28 . In the Fura^av^ the (icnerative apparatus is contained in 
the bulbose ‘ receptacles,* which are borne at the extromities of the 
fronds. In some species, as the Farm p^ahjearpm, tlio some rcoep* 
tacles contain both * sf>erm-colls’ and ‘ gorin-cells; * in others, these 


Fio. 2!1. 



Vertical R*ctioa of recej>tacl() of Facm pUxtffmrpnn^ i 
with filaments, among which Jio the autheridial cclk, and 
the oOgoniii containing octosporcs. 

two sexual elemeute are disposed in different receptacles on the 
s plant; whilst in the commonest of aU, F, veeictmem (bladd^« 
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are limited to dif emit individuals* WWn a aectaon 
k kbm lik]^ cme of ike Battened receptacles of JP. phiymfmi 

its interior is seen to be a nearly i^lobular cavity (Fig. 211), Imed 
will i^bmentous cells, some of which axe greatly elongated, so as 
to project through the pore by which the cavity opens on the sur- 
face. Among these are to be distinguished, towards the period of 
their maturity, certain filaments (Fig. 212, a), whose granular con- 
tents acquire an orange hue, and gradually shape themselves into 
oval bodieB (b), each with an orange-coloured spot, and two long 
thread-like appendages, which, when discharged by the rupture of 
the containing c<dl, have for a time a rapid undiilatory motion, 
ri(. 212. 



Antboriclia and anlhoixizoMs of J'ucvs platijcar2im : — A, 
branchnifi; jirticukted hairs, dtdurhcd from tho walls <»f tho 
receptaclo, boaring anthoriilia. in diffoieiit stages of develop- 
ment ; R, authorozoidB, some of f tiem froo, others still included 
in their aullieridial c^dls, 

whereby these ‘ antherozokls ' are diffused through the surrounding 
liquid. Lying amidst the tilamentous mass, near the walls of the 
cavity, are seen (Fig. 211) numerous dark pear-shaped bodies, 
whicu are the odfyoiim, or parent-cells of the ‘germ-cells.’ Each 
of ^ese oogonia gives origin, by binary subdivision, to a cluster 
of eight germ-cells or ocispheres, which is thence known as on ‘ octo- 
spore ;* and these are liberated from their envelopes before the act 
or lertiHzation takes place. This act consists in the swanninff of 
the auiheroaioida over the surface of the obspheres, to which uiey 
communicate a rotatiiry motion by the vibraUon of their own fila- 
ments. In the hermajinrodite Puci it takes place within the recep- 
tacles, BO that tho obgpheres do not make their exit from the cavity 
until after they hare been fecundated ; but in the moncedkms ana 
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dioBijicms «^e<am, each hind of receptacle eepamtolf dischargee its 
eoaieiitfi, which come into contact on their exterior. The antliCi- 
ridM ceils are usually ejected entire, but soon rupture so ns to 
mve exit to their filaments; and the ‘octospores’ separate into 
Sieir component oospheres, which, meeting with antherozoids, are 
fecundated by them. The fertilized obsjwres soon acquire a new 
and firmer envelope; and, under favourable circumstances, they 
speedily begin to develope themselves into new plants. The first 
cWnge is the projection and naiTowing of one (md into a kind of 
footstalk, by whicli the oospore attaches itself, its form passing 
from the globular to the p^ar-shaped ; a partition is speedily observ- 
able in its interior, its single cell being snlidivklod into two ; and 
by a continuation of a like process of duplication, first a filament 
and then a frondose expansion is produced, which gradually evolves 
itself into the likeness of the parent plant. 

J120. 'Hie whole of this process may he watcdiod without diffi- 
culty, by obtaining spocimens of F, Vf’iiinthtsvs at the period at 
which tne fnictificatioii is shown to be mature by the recent dis- 
charge of the contents of the conceptacles in little gelatinous 
masses on their orifiecs; for if some of the R]>oreH which have 
been set free from the olive-green {female) receptacles be placed in 
a drop of sea-water in «'i very sliallow cell, and a small quantity of 
the mass of antherozoids, set free from the orange-yellow (mole) 
receptacles, be mingled with the flui'l, they will speedily be obsen'^ed, 
with the aid of a magnifying })Ow<'r of *200 or 250 diameters, to go 
through the a<;tions just described ; and the subaeqnent procossOH 
of germination may be watched by means of the * growing-slide,’* 
The winter months, from December to March, arc the most favour- 
able for the observation of these phenomena; but where Fuci 
abound, some individuals will usually be found in fructification at 
almost any period of the* y(‘ar. — Kven in the m^cording 

to recent observations, a multiplication by ‘ zocispores,’ like that of 
Uharca^ {§ 24*5), also takes place; these liodies being producefl 
within certain of the cells that fonn the superficial layer of the 
frond, and swiraniing alxmt freely for a time after their emission, 
until they fix themselves and begin to grow. That they are to be 
considierisl as genniuB (or buds), and not as generative products, 
api^rs certain from the fact that they will vegetate without the 
assistance of any oth^>r bodies ; whereas the antherozoids of them- 
selves never conn? to anything ; while the octospores undergo no 
further changes, but decay av,ray (as M, Thuret has cxperiiiientally 
ascertained) if not fecundated by the antherozoids. 

330. Among the IlhodoBpn'mcw^ or red 8ca-wceds, also, we 
find various simple but most beautiful forms, which connect this 
group with the more elevated Protophytes, especially with the f amity 
Ckodoph^acem (§ 250) ; such delicate featheiy or leaf-like fronds 
belong for the most part to the family C* mmificfxe, some members 

* A shallow should bo so as to kocj> thf? jpressuro of the thin f 
from the miJiute bodies beuesth, whose movements it willotberti'ise 
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ci wbick are toad upon every part of our ooaste, attached either 
to rooks or stones or to larger Algee, and often themselves afford- 
ing an attachment to Zoophytes andPolyzoa. They chiefly live in 
diO^er water than the other sea-weeds ; and their richest tints 
are only exhibited when they grow under the shade of projecting 
rocks* or of larger dark-coloured Alg®. Hence in growing them 
artificially in Aquaria, it is requisite to protect them from an 
excess of light; since otherwise they become unhealthy. Various 
^ecios of the genera OeTaymum, GriffifJmaf CalUtluimniuni and 
Ftiloia, arc extremely beautiful objects for low powers, when 
mounted in glycerine jelly. — The only mode of propagation which 
was until recently known to exist in this grouj), is the })roduction 
and liberation of ‘ tetraspores ’ (Fig. 21.3, b), j'ormed by the binary 


Fio. 213. 



Arr&agtiment of Tetra^poi'esin Carpo^nulon mediterranntm : 

— A, entiro piflut ; B, lougitudinal Kf*ctioa of spore-bearfng 
branch. (N.lt Where only three tetraspores are scon, it is 
merely bocauiKi the fourth did not happen to be so placed as 
to to scon at the same view.) 

subdivision of the endochromes of special cells, which sometoes 
form paJft of the general substance of the frond, but sometames 
oongvogato in particular parts, or are restricted to special branches. 
iTSe second binary division takes place in the 
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the ftrat, the spores fonrung the tetraspore arc arrange<l m linear 
; but if its direction is transverse to that of tlu^ first, the 
four spores cluster together. These, when Reparatod by the rupture 
of their envelope, do not comport themselves as ‘ 2 ! 0 (is]K)res,^ but, 
lieiug destitute of propulsive organs, are passively dispersed by the 
motion of the sea itself. T’hcir production, houever, taldng place 
by simple cell-diiuHion, and not oeiug the result of any form of 
sexual coniunctiou, the ‘ tetra spores ’ of the Rli<nh,i<pi>nu('(p must 
be regarded, like the ‘ zoospores’ <jf th«^ Vlramt', us ana- 
logous rather to the hmh than to the of higher I’lnnts. — 11 is 

now known that a true (lenerative juocess taki's ]»laee in this group ; 
but the sexual organs are nid usually found on the plants which 
produce tidraspores ; so that there would ujipoar to be an alterna- 
tion between tlie two modes of juopagution. AnllK'ridial (mIIs are 
found, sonietinuis on the gemu-al surlaee of Die frond, more com- 
monly at the ends of branches, and oceasionally in s]>ecjal conc-ep- 
tacles. ''rheir contents, }mw(‘V(‘r, arc‘ not motile ‘ aiitherozoids/ 
but ininute rounded particles having no powtu* of spontaneous 
moveuK'nt. SoiiKjtiriH's on the same imlivi<tuals us th^* antlieridia, 
and sometimes on different ones, are organs tlmt curiously jiro- 
tigure the pistil in fiowenng plants ; each consisting of a projecting 
cluster <d' cells, fnmi which arises a long cell-tube termed the 
trichnipjar. Fertilization is effected by tin* attacliment of one of 
the aiitlieridial particles to the trichogyne, the walls of wldch arc 
absitrbcHl at, that spot, so that tin* fertilizing material pusH(*H down 
ItvS tube to the cdustcr of cells at its base ; and ‘ (K>B])or(‘H ’ are thus 
formed cith<*r among tlu'se or in adjacent, cells. — In th»: true 
Cor(fUlv(^, which are whose tissue is eonsolidateil i)y 

calcareous deposit, the tetras])orcs are developed within a rera- 
uihVituu, which is an uni- 

sliaped case, furaished with In-. IMl, 

a pore at its summit, and 
i’ontaining a tuft of pear- 
shaped Hi>ores arising from 
the base of its cavity. 

331. Ifqutfinp . — (.Quitting 
now the Algal type, and 
<mtering the 8eri<\s of Ter- 
restrial (Tyj)togains, we ha ve 
first to notice the little group 
of Hppaficfp or Liverworts, 
which is intermediate be- 
tween Lichens and ordinary 
Mosses ; — agreeing rather 
with the Algal thallus of the 
former in its general mode of 
whilii approaching 

in its fmctification. This gronp presents nnmerouK objects 
of great interest to the Microscopist; ana no species is richer in these 


j^wth, 
the latter 
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tliaa tile very eemmon Marchmtia pol^morpha, wkioh may often bo 
fo^nd growing between tbe paving-stones of damp court-yards, but 
wbick partiotilarly luxuriates in the neighbourhood of springs or 
waterlalls, wh^ its lobed fronds are found covering extensive 
surfaces of moist rock or soil, adhering by the radical (root) fila 
ments which arise from their lower surface. At the period of 
fructification these fronds send up stalks ; which carry at their 
summits either round shield-like disKS, or radiating bodies that bear 
some resemblance to a wheel without its tire (Fig. 214). The former 
carry the male organs, or mitlieridla ; while the latter in the first 
instance bear the female organs, or archegonia, which afterwards 
give place to the sporangia or spore-cases.* 

332. The green surface of the frond of Marchanf la is seen under 
•Pm a low magnifying power to 

be divided into minute 
diamond-shaped spaces (Fig. 
215, A., a, a) bounded by raised 
bands (r, r) ; every one of 
these spac(‘s has in its centre, 
a curious brownish-coloured 
body (h, //), with an opening 
in its middle, which allows a 
few small green cells to be 
seen through it. AVhcii a 
thin vertical section is made 
of t)io frond (a), it is seen 
that each of the lozenge 
shaped divisions of its sur- 
face corrcs]K)iids with an air- 
eharaber in its interior, which 
is bounded below by a floor 
(o, a) of closely-set cells, from 
whose under surface the ra- 
dical filaments arise ; at the 
sides by walls (^*, c) of similar 
Strvwture of frond of Mnrchanita pofft- solid ]>arcnchyma, the ]>rojec- 
A, portion s. on from nbovr; tion of whose summits forms 



«,«, lozongv-sluipetl divisions ; Lb, stomnta 
in the 001111*0 of th<) ioRi njJtos ; c, r, grotm- 
ish hands sepamtiug tho lozonges: — b, 
Vfjrtical section of tin- frond, showing 
thodons*) layer of cellular tissue fonn- 
iug tUo floor of tli(' 5 \ir-chaiTib('r, d, d; 
theepiflerTOic layer, 6 , L forminjj its roof ; 
c, t\ its walls; /, /, cells m its in- 
terior 1 iff stoma divided jx»rptmdicularly ; 
A, rings of cells forming its wall ; », eelN 
formiiig the obturator -ring. 


thf 

face; and above by an epi- 
dermis (h, h) formed of a 
single layer of cells ; whilst 
its interior is occupicnl by a 
loosely arranged parenchyma, 
composed of branching rows 
of cells (/, /) that seem to 
spring from the floor, — these 


♦ In some species, the same shields bear both sets of organs; and hi 
we find the npjiter surface of one halt of the jxdta 
developing aatlicridia, whilst the under-snrfaco of theotherhalf bears arrhegonia. 


STOMATA AND CONCEFTACLES OF MAIlCHAxVTIA. m 


cells being what are seen from above, when the observer looks down 
throngh tnc central aperture just mentioned. If the vertical seotiou 
should hapi>en to traverse one of the peculiar bodies which occupies 
the centres of the divisions, it will bring into view a structure of 
remarkable complexity. Each 

of stovKifa (as they are Fui. 210. 

termed, from the G reck arofia , ^ 

mouth) forms a sort of shaft ^ ’ 

(< 7 ), composed of four or five 
rings (like the ‘ courses ’ of 
hricks ui a chimney) placed 

Iheso rings' (/) appears to re* . v 

gulatc the aperture, by .the 
eon traction or expansion of , 
the cells which coin[>ose it, 
and is hen<*e termed liie *ob- 
turator-rlng.’ In ibis manner 
each of the air-chambers of 
the frond is brought into 
(‘omniunication witli the ex- 
teriial atmosjihepsthe (b'gna^ ' 

of that communication Ixnng 
regnlaied by the limitation d 

of the aperture. ^ V^'e .shall 
hereafter find IlS:)) that 
the leaves of the higher 
Plants contain intercellular 
spaces, which also eommn- -.Jg 
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nicate with the exterior by ' 

stomata; but that the struc- ' 

ture of those organs in far , 

less complex in them, Ilian in pohjmi»pht .— a, < oiir.t‘ptarh« fully ex- 
this humble Liverwort. Itautt-il, rishig fi<>iu th<< Hurfurf* of tie- 

'Hie frond of M<u - frond, ff, ;ukI eout.»iniug gonidial disK'. 
^,hwJoi usually bear.s uixm ftln-ntly drta« hod :—ic first aypKimunt os 
• . 1' roiie<'i»tac'le on the surface of tho frond, 

Klunvinf^ tho fommtioii of its fringe by the 

Fig. 214, a numlier ot little of the cuticle, 

open basket-shaped <fyinu- ^ ■ u 

parouB ronerptarlex (Fig. 21tl), wliich may ofien Ikj found m all 
stages of development, and arc structures of singular beatity. 
They contain, wnen mature, a number of little green round or 
oblong discoidal < 7 c/ujare, each composed of two or more layers of 
cells; and their wall is surmounted by a glistening fringe of* teeth, 
whose edges are themselves regularly Iringed with minute out- 
growths. This fringe is at first formed by the spIitting-up of the 
epidennis, as seen at a, at the time when the * concei>tade’ and it« 

ri D *2 
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contents are first making their way above the surface. The little 
disks which correspond with the gonidia of Lichens (§ 325), are at 
first evolved as single globular cells, supported upon other cells 
which form their footstalks; these single cells, undergoing duplica- 
tive subdivision, evolve themselves into the disks ; and those disks, 
when mature, spontaneously detach themselves from their foot- 
stalks, and lie free within the cavity of the conceptacle. Most com- 
monly they are at last washed out by rain, and arc* tnus carried to 
different parts of the neighbouring soil, on which they grow very 
rapidly when well supplied with moisture ; sometimes, however, 
they may be found growing whilst still contained within the con- 
ceptacles, forming natural grafts (so to s[)eak) upon the stock from 
which they have been developed and detached; and many of the 
irregular lobes which the frond of the Marcliantia puts forth, secern 
to have this origin. — The very curious ob.vervation was long ago 
made by Mirbel, who carefully watched tlui development of these 
<fenma% that stomata are formed (»u the side winch happens to 
DC exposed to the light, and that root-fibres arc put foi-th fix)m 
the lower side ; it being ap})areTilly a. uiatter of indifference tvhlrli. 
side of the litflc disk is at first turned upwards, since each has the 
power of developing either stomata or root-fibres according to the 
infiuenco it receives. After the tendency to the formation of these 


organs has once been given, however, by the sufficiently prolonged 
influence of light ui^on one aide and (»f darkness and moisture on 
tlie other, any attempt to alter it is found to be vain ; for if the 
flutfaces of tlie young fronds be then inverted, a twisting growth 
soon restores them to their original aspect. 

334*. When the Marchani'm vegetatea in damp shady situations 
which are favourable to the nutritive ppcesses, it does not readily 
produce the true Fructification, which is to be looked-for rather in 

plants growing in more exposed 
Vk;. - 217 . places. Each of the stalked 

peltate (shield-like) disks contains 
a number of flask-shaped cavities 
^ m & opening upon its up]>cr surface, 

gi M which are brought into view by 

m a vertical section; and in each 

TO A Ik. these cavities is lodged an 

vA pmB n a //tcrid/wjw, composed of a mass 

of ‘ sperm -cells,’ within which are 
developed ‘ antberozoids ’ like 
JHb those of Chnra (Fig. 154 u), and 

Hb surmounted by a long neek that 

projects through the mouth of the 
Anh^gotds. ol flask-Bhaped ca%%. The wheel- 

or, in successive stages of ft-- hke receptacles (F is, 214), on the 

velopmeut. other hand, bear on their under sur- 

face, at an early stage, concealed 


between membranes that connect the origins of the lobes with one 
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another, a set of archeffouw, shaped like flasks with elongated 
necks (Fig. -17) ; each of these has in its interior an * od8phei*e* or 
* germ-cell,’ to which a canal leads down from the extremity of the 
neck, and which is fertilized by the penetration 
of tho antherozoids through this canal until they 218. 

reach it. Instead, however, of at once evolving 
itself into a new plant resembling its parent, the 
fertilized odspliere or * euibryo-ceir develonos itself 
into a mass of colls enclosed within a capsule, which 
is termed a sptfrtimjinm ; and thus the mature re- 
ceptacle, in jdacc of iirohegonia, bears capsules or 
sporangia, (uieli of them filled with an aggregation 
of cells that coiistitut(3 iluj immediate jirogeuy of 
tho original germ-cell, 'riieso cells, discharged hy 
the bursting of tho sponiiigium, are of two kinds: 
namely, sjjojts, or g<jnidial c(‘ils, enclosed in linn 
yellow ^envelo I )es ; and which are ovoidal 

cells, each containing a double spiral fibre coiled 
up in its interior. This fibre is so clastic, that, 
when the surrounding i>ressure is withdrawn by the 
bursting of the sporungiuni, tbe spin's extend theiu- 
scivos (Fig. ‘J 1 8), tearing apart the coll-meinbrane ; 
and they do this so suddenly as to jerk forth th(5 
vSporea which may be adherent to th<3ir coils, and 
thus to jussist iu their dispersion, d’he Hjx'roH, 
when subjected to moistnn', with a moderate 
amount of light and warmth, develope theniHelves 
into httle collections of cells, wliich gradually as- 
sume the form of flattened ironds; and thus tho 
species is very cxtt3nsivcly multiplied, ev(*ry one of 
the aggi’egate of spores which is tho product of a 
mngle gerui'cell, being caj)ablc of giving origin to an 
independent individual. 

dli-'i. il/cKr/. — There is not one of the tribe of 
MosHCif whose external organs do not servo as 
beautiful objects when viewed with low powers 
of the Micn>scojH'; while their more concealed 
wonders are admirably titled for the detailed scru- Kiafer and Sport s 
tiny of tbe practised observer. Mosses always it/ Mtm’knutUu 
pos.sess a distinct axis of growth, commonly more 
or less erect, on which the minute and deb’cately-formetl h.*avt^s 
are arranged with great regularity. The stem shows some in- 
dication ot the separation of a coriical or bark-like portion from 
the medullary or pith-like, by the intervention of a circle of biindlos 
of elongated cells, which seem to prefigure the woody portion of the 
stem of higher plants, and from which prolongations pass into the 
leaves, so as to afi'ord them a sort of midrib. The leaf usually 
consists of either a single or a double layer of cells, having flattened 
sides by which they adhere one to another : they rar^y present 
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any epidemic layer; bnt such a layer, perforated by 

Atotnata of simple structore, is commonly found on the setm or 
hristle-Jike fbot^Jtalks beari^ the fructification, and sometimes on 
xhe midribs of the leaves. The root-fibres of Mosses, like those of 
Marchantia, consist of long tubular cells of extreme transparence, 
wi^n which the protoplasm may frequently be seen to circulate, 
as in the elongated cells of Ohara; and according to Dr. Hicks,* it 
is not uncommon for portions of the protoplasmic substance to 
pass into an amoeboid condition resembfing that of the gonidia ot 

Fig. 211 '. 



Strurtm-i' of . — A, riant i>f f nMruf hitgrometr.id. 

Hhowin^ / tlu* l<*iiv<s, n (ht unis supportcii ui>(>u tht* Betas oi 
footHtalks j!, closed liy tho oiKTriiliiiu o, and ooverod by tlj< 
ralvptm c. — b, Fnis of hncaljrptta rufgnHg, ouo of them 
closed and coven'd with tho calyptra, tho othi r ojicn ; w, //, 
the urns ; o, o, the opcrrulft; c, calyjitra; p, peristome; «, a, 

— e, lonjritudiual si'ction of very younp uni of Spfach- 
yum; n, solid ti^suo forraiug the lower part of the ca|Msult* ; 
c, coiuuiolla ; /, loculus or space around it for tlie dovelopmonl 
of tho 8J>o^o^ ; f, epidormio layer of cells, thicki^ned at the 
top to form the op<>rculum <>; two intennediate layers from 
which the pi^ristonu' will be fonned; s, inner layer of cells 
forming the wall of tho loculus. 

Voivox (§ 242). The protoplasm first detaches itself from contact 
with the coil-wall, and collects itself into ovoid masses of various 
sizes ; these gradually change their colour to red or reddish-brown, 

• ** Quart Joum. Microsc. Science,"’ Vol. U. (1862), p. 06. 
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Authofidia aiiti Aiitht‘rozoids of Pol^trichum romnitott*: - A, 
g'lxjnp of aothoridia, miugiod with hairn and sU^rilo lilanioutw 
(jwLraphysos) ; of tho thr€?e authoridia, th<i ct^itral one i« iu 
tiio act of di8ch»irgiii|r itw coutenfjs ; that on th»’ h*ft ih not yol 
niatiu’o ; while that on the right haw already emptied itatdf, fcu 
that the cellular Htructurc of its walls becomoH apparent ; — «, 
cellular contents of an antheridium, proriouslj' to the de- 
velopment of the antherozoids ; — c, the sanns showing tlie 
first appearance of the auUierozoids ; — 1>. the same, mali^re 
ami discUaJ^ing the antherozoids. 




im moEOfcscofite ot hichbe ^eyktogamia. 

$ubs6<|U3utly, Iwjw^v'er, becoming almost colourless ; and they pro- 
trade^ and retract processes, exactly after the manner of 
occasionally donating themselves into an almost linear form, and 
’travelling up and down in the interior of the tubular cell^. ’ This 
kind of movemei^t was observed by Br. Hicks to subside gradually, 
the masses of protoplasm then returning to their ovoid form ; but 
tbeir exterior subsequently became invested with minute cilia, by 
which they were kept in constant agitation within their containing 
cells. As to their subsequent history, we are at present entirely in 
the dark •, and the verification and extension of Dr. Hicks’s obser- 
vations constitute an object well worthy of tlie attention of Micro- 
Bcppists. 

‘o3(). What has coiniuoiily been regarded as the ‘ fructification’ of 
Mosses — namely, the ‘•urn’ or ‘ capsule’ filled with sporules, which 
is borne at the t<jp of a long footstalk tliat springs from the centre 
of a cluster of leaves (Fig. 21 h, a) — is not the real fructification, 
but its product ; lor jdosses, like Liverworts, possess both (lutheridin 
and (nrh('([(}nla, although they are by no means conspicuous. 
These organs are hometimos found in the same envelope (or 
‘perigoiie)^ sometimes on dilferent parts of the same plant, some- 
limes only oil difi'eront individuals ; but in either case they are 
usually sitnait'd close to the axis, among the bases of the leaves. — 
The ‘ antheridia* are ghibuhir, <n’al, or elongated bodies (Fig. 220, a), 
composed of aggregations of cidls, of which the exterior form a sort 
of capsule, wliilst the interior are s])erm-cells,’ each of which, as it 
conics to maturity, developes within itself an ‘ anthcrozoid’ (JJ, c, n); 
and the antliero/.oids, sot fret‘ by the rupture of the cells within 
which they are formed, main' their escape by a passage that opens 
for them at the summit of the antheridium. The antheridia are 
generally surrounded by a cluster of hair-hko filaments, composed 
of cells joined together (Fig. 220, a), which are called 'paraphfjees ; 
these seem to be ‘ steiilo’ or undeveloped antheridia. The ‘ arche- 
gonia’ bear a general resemblance to those of Mtnrhuntia (Fig. 214); 
and the fertilization of their contained ‘oospheres’ or ‘germ- cells’ is ae- 
(^omplishcd in the manner already described. The fertilized ‘erabiyo- 
ceir becomes gradual developed by cell-division into a conical 
l>ody elevate«l u])on a stalk ; and this at length tears aero.ss the 
walls of the flask-shaped archegonium by a circular fissure, carry- 
the higher part njjwards on its summit as a calyptra or ‘hood’ 
210, n, o), while the lower part remains to form a kind of 
collar ronuil the base of the stalk. 

337. The Urn or ‘ spore-capsule,’ which is thus the immediate 
product of the generative act, is closed at its summit by an operctilum 
or lid (Fig. 211* b, o, o), which fall.s off when the contents oLtho cap- 
sule are mature, so as to give them free exit ; and the mouth thus 
laid open is surrounded by a beautiful toothed fringe, wliich is 
termed the perwfnme. This fringe, as seen in its original undis- 
turbed position (Fig. 221), is a beautiful object for the Binocular 
Microscope ; it is very ‘ hygometric,* executing, when breathed-on. 
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a carious movement, whieli is probably conoernod in tbe dispersion 
of the spores. In Figs. 222-224, are shown three different forms 


Fig. 221 . Fig. 222 . 



MoiUli (if crijiMilc of nIji.wihi; t)i(‘ Foiililc- Porisiomo ol 

IN'rislomc /n FunthKiiiH anttpjprtim, 

of j>enytome, spread out jind dctaclicd, illustrating the varieties 
which it cxhiliits in different gcMiera of Mosse.s ; -varieties whose; 
existence and rcadines.s of recognition n'nder them characters of 
extreme value to the systematic Botanist, whilst they funiislj 

I’lf.. 22:;. no. 221. 
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(F'ig. 21&, c, p) ; but one or other of these is frequently wantin^f 
at the time of maturity, and sometimes both are obliterated, so 
that there is no peristome at all The number of the * teeth’ is 
always a multiple of 4, varying from 4 to 64 : sometimes they are 
prolonged into straight or twisted hairs. — The spores, or gonidial 
cells, are contained in the upper part of the capsule, where they 
are clustered round a central pillar, which is termed the coltmella. 
In the young capsule the whole mass is nearly solid (Fig. 219, c), 
the space (1) in which the spores are developed being very small ; 
but this gradually augments, the walls becoming more condensed ; 
and at the time of maturity the interior of the capsule is almost 
entirely occupied by the spores. These are formed in groups of 
four, oy the duplicative subdivision of the ‘ mother-cells ' whicli 
iirst differentiate themselves from tho.se forming the capsule itself. 
'rhu8 the * spore-capsule’ in Liverworts and Mosses, being the im- 
mediate product of the act of fertilization (which constitutes the 
point of departure of each ‘ new geiuTation'), is to be considered as 
the 'progeny of the plant that bears it; which, supplying tin* 
numment at whose ex]>ens(‘ it develo])es itself, acts a.s its 
‘ nurse,' 

The develo])meut of the snore into a new jdaiit commences 
with the ru[>turo of its firm, yellowish-brown outer coat, and the 
protnisiou of its green cell- wall proj)or; from the projecting extre- 
mity of which new cells are put forth by a process of out-growth, 
which form a sort of Coufervoid filament (as in Fig. 2‘11, c). At 
certain points of this fUameut, its ^component cells multiply by 
subdivision, so as to form rounded chiab?rs, from every one of 
which an independeut jdant may arise ; so that several individuals 
may he evolved from a single 8fKU*e. And as a numerous aggregate 
of spores is developed, as we have seen, from a single germ-cell, 
the rapid cxteiiBiou of the Mosses is thus secured, although no 
separate individual ever attains more than a ver}^ limited size. 

The tribe of SphagnaceiV, or ‘ Tlog-Mosses,’ is now separated 
by Museologists from true Mos.sos, on account of the marked diffe- 
rences by which they are distinguished ; the three groups, Ilepa- 
ilem, Brmteem (or ordinary Mosses), and Spho{ftiac€(B, being ranked 
us together forming tbe Muscal Alliance. The stem of the Sphoup 
naeeee is more distinctly differentiated than that of the Bryfic.eo' 
into the central or medullary, the outer or cortical, and the inter- 
mediate or woody portions ; and a very rapid passage of fluid takes 
pla(^ through its elongated cells, especially in the medullary and 
corticai layers, so that if one of the plants he placed dry in a flask 
of water, with its capitulnm of leaves bent downwards, the water 
will speedily drop from this until the flask is emptied. The leaf- 
Celhr of the Sphagnacem exhibit a very curious departure from the 
ordinary type : for instead of being small and polygonal they are 
large and dongated (Fig. 225) ; they contain no chlorophyll, but 
hate spir^ fibres loosely coiled in tbeir interior ; and their m^em- 
hraaous walls have large rounded apertures, by which their cavitaee 
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freely communicate witli one another, as is sometimes curionMy 

evidenced by the passage of Wheel-Animalcules that make them 

habitation in these chambers. Be- 225 

tween these coarsely-spiral cells 

are some thick-walled narrow elou- b b b 


gated cells, containing chlorophyll ; 
these, which give to the leaf its 
himness, do not, in the very young 
leaf (us , Prof. Huxley first pointed 
out*) differ much in appearance 
from the others, the peculiarities of 
both being evolved by a gradual 
process of differentiation. The an- 
theridia or male organs of Sphatj- 
‘uarem resemble those of Liverworts, 
rather than those of Mosses, in their 
form and arrangement; they are 
grouped in catkins at the tips of 
lateral branches, each of the im- 
hriented perigonal leaves enclosing 
a single globose antheridium on 
a slender footstalk ; and they are 
surrounded by very long branched 
paraphysos of cohweb-like tenuity. 
The female organs, or archegonia, 
which do not differ in structure 
from those of Mosses, are grouped 
together in a sheath of deeji green 
leaves at the end of one of the si 



INntion of the leaf of 

Bhowinp the lar^o a, «, 

with spiral fibres and comnmnicji- 
ujKnluroH; and tho interve- 
ning bandw, h, coinpostid of 
Bimill elongated cells. 

>rt lateral branchlets at tho 


side of the capitulura or summit-crown of leaves. The two 
sets of organs are always distributed on different branches, 
and in some instances on different plants. The ‘ capsule/ which 
is formed as the product of the impregnation of the germ-cell, 
is very unifonn in all the species ; being almost spherical, with 
a slightly convex lid, without beak or point, and showing no 
trace of a peristome ; and the spores it contains are produced in 
groups of four (as in Mosses) around a hemispherical ‘ columella.’ 
Besides the ordinary capsules, however, the 8plia(j aaretn develop© 
a smaller set of sporo(joniaf in which * microspores’ are formed by 
a farther division of the mother-cells ; the significance of these is 
unknown. The ordinary spores, when germinating, do not produce 
tlie branched confervoid filament of true Mosses ; but, if growm^j 
on wet |)eat, evolve themselves into alobed foliaceous ‘ prothallium, 
resembling the frond of Liverworts; whilst, if they develope in 
water, a single long filament is formed, of winch the lower end 
gives off root-fibres, while the upper enlarges into a nodule from 


♦ See his important Article on ‘ The Cell-Tluiory^in the “ Britiali ft»<l f ordgn 
ledico-ChirurgicaJ Be view,** Vol. xii. (Oct. 1S58), pp, 80C, oHi, 
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which the young plant is evolved. In either case, the prothallium 
and its temporary roots wither away as soon as the young plant 
begins to branch.— From their extraordinary power ot* imbibing and 
holding water, the Sphatjnacem are oi* great importance in 
economy of Nature ; clothing with vegetation many areas which 
would otherwise be sterile, and serving as reservoirs for storing up 
moisture for the use of higher forms of vegetation.* 

840. FiUrrtf . — In the general structure of Fi'rut< we find a iiiucli 
nearer approximation to ilowcring plants ; but this does not extend 
to their Keproductive apparatus, M'hich is formed iiixm a 
type essentially the same as that of Mosses, though evolved at a 
very dilTerent iKiriod of life. As the tissues of which their fabrics 
are compost'd arc essentially the same as those to be described in 

the next chapter, it will nut bo re- 
<|uisite here to dwell upon them. 
'JTie Stem (where it exists) is for the 
iiio.st part made up of cellular 
parenchyma, which is separated 
into a cortical and a medullary 
])orticm by the interposition of a 
circular scries of libro - vascular 
bundles containing true Woody 
tissue and Ducts. These bundles 
form a kind of irregular uetvrork, 
from which prolongations are given 
off that pass iiitt) the leaf-stalks, 
and thence into the midrib and its 
lateral branches ; and it is their 
jieculiar arrangenuuit in the leaf- 
stalks, which gives to the trans- 
verse section of these the iigureil 
marking commonly known as 
‘‘King Charle.s in the oak.’* A 
thin section, especially if somewhat 
oblique (Fig, 22t>), displays extremely well the jiccuUar character 
of the ducts of the Fern ; which are termed ‘ scalariform,’ from tin* 
i-eecmbiance of the regular markings on their walls to the rungs of 
a ladder. 

T41. What is usually considered the frnciijlrafion of the Ferns 
alTords a most beautiful and readily-prepared class of opa<jue 
objects for the lower powers ot the Microscope ; nothing more being 
necessaiy than to lay a fragment of the frond that bears it upon 
the glass Stage-plate, or to hold it in the Stage -forceps, and to 
throw an adequate light upon it by the Side-couaenscr. It usually 
nresents itself in the form of isolated spots on the under aur- 
.moe of the frond, termed sort, as in the common Polypodimn 
(Fig. 227), and in the Aquilium (Fig. 22f>): but sometimes these 

• See Ur. BraithwoittCs Papers on tW Spha^rmceie in the “ Monthly Micro- 
ficopietd Jounia),*' Vok n., ti setj. 



Obli<iU(' sfctioii of footstslk o 
fih<»wing bundle of Hea- 
larifomi Ducts. 
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* sori ’ arc elongated into bands, as in tlio coniraou Scolopmdvtm 
(liart’s-tongue) ; and these may coalesce with each other, so as 

Fig. 227 . Fig. 22 !=<. 
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along ita borders, as in tbe oommonPterls (brako-fern). The son aro 
sometimes * naked ’ on the under surface of the fronds ; but they 
are frequently covered with a delicate membrane termed the Htdii- 
einm, which jxmy either form a sort of cap upon the summit of each 
sorus, 08 in Aspidium (Fig, 229), or a long fold, as in Scolopendmni 
and Pieru i or a sort of cup, as in Deparia (Fig. 230), Each of 
theft© sori, when sufficiently magnified, is found to be made up of 
a multitude of tlicr.<v or spore-caps ales (Figs. 229, 230), which are 
sometimes closely attached to the surface of tbe frond, but more 
commonly spring from it by a jKidicle or footstalk. The wall of the 
theca is compost of flattened Cfdls, a])plied to each other by their 
edges; but there is generally one row of tHcse thicker and larger 
than the rest, whicli Bpriiigs frf)m the ]>cdicU‘, and is continued 
over the ftummit of the capsule, ko as to form a projecting ring, 
which ift known as the nmuilun (Fig. 23>')). This ring has an elas- 
ticity BUtHjrior to thiit of all the rest of the capsular wall, causing it 
to split acroHH when mature, so that the contained spores may escape ; 
and in many instances the two halves of tlie capsule are carried 
widely apaH from each other, the fissure extending to such a 
depth as to 80 | 1 arate them completely.- In Otimnuiht (the so-called 
* llowering-fem ’) and Opln'oifhminn (jubier's tongue), the tlieca^ 
have no annulus. — It will freiiucntly happen that specimens of 
Feni-fr\jctification gathered for the .Microscope will do found to 
have all the capsules hurst and the s})(>res (lisj)i'rsed, whilst in 
others less advanced the capsnle.s maj all be closed; others, how- 
ever, may often be met with in wdiicli stirne of the capsules are 
clo»e<i and others are open ; and if these be watched with sufficient 
attention, the rupture of some of the theca> and the dispersion of 
the sporeft may no observed to take place whilst tbe sp(^,cimon is 
under observation in the field of the Micros’copo. In sori whose 
capsules have all burKst, the anindi eonneeting their two halves are 
the most consjneuous objects, looking ; when a strong light is 
thrown ujx)u them, like strongly-banded worms of a bright brown 
hue. This is particularly the case in Scolopeiuhmmf whose elon- 
gated Rori are remarkably beautiful objects for the Microscope in 
all their stages ; until quite mature, however, they need to be 
brought into view by turning back the two indnsial folds that 
cover them. The commonest Ferns, indeed, which are found in 
almost every hedge, furnish objects of no less iK'auty than those 
yielded by the^ rarest exotics ; and it is in every respect a most 
valuable tnuning to the young, to teach them how much may 
l>e found to merest, when looked for with intelligent eyes, even m 
the most familiar, and therefore disregarded, specimens of Nature’s 
handiwork, 

^42. The * spores* (Fig. 23>1, k) set free by the bursting of the 
theem, usually have a somewhat angular form, and are invested by 
a yellowish or brownish outer coat, %vhich is marked very much in 
the manner of pollen-grains (Fig. 277) with |x>iuts, streaks, ridges, 
or reticulations. When placed upon a damp surface, and exposed 
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to a sufficiency of light and warmth, the spore begins to * genni- 
nate;* the first indication of its vegetative activity being a slight 
enlargement, which is manifested in the ronnding-off of its angles, 
lliis is followed by the putting-forth of a tubular prolongation (b, </) 
of the internal cell- wall through an aperture in the outer sjKire- 
<‘oat; and moisture being absorbed through this, the cell becomes 

Fkj. 2^1. 



T>( of froihalHimi of Pictus HrmiJatn ; — A, SjmU'o 

‘./'t fov fnijii the . -ij. .Sj>ur(' lM‘pnini)fr to gernuijatv, 

pnltiDg fortli (Ih* tulmlar |>rolon}j:iitiun a, from tin* i)nn<'i))al 
<•(‘1! /y; — c, lirist-foriniMl liju nr of ; — 1 >, J’rotfiallj'uni 

lb'-. f(»nu of a J.-af-liko f-xpaitsion ; o, ami ft, KHOoml 
r.oli^'al fif»re ; tbo two Jub*‘s, and tlm indentation 1m*- 
twoeu thmu; firnt-fdnwd }mi1 of lh«* prolballium; f/, 
rxtenjaJ ('oat of the orij^inal Mporc; ft, ft, anthfudm. 

so distciuled as to burst tbe external niiyiekling integnmenl, and 
s<K>n begins to elongate itself in a direction r)pj>oKite to that of the 
root-fibre, A production of new cells }>y subdivision then takes 
place from its growing extremity : tliis at first proceeds in a single 
series, so as to form a kind of confervoid fikmeut (c) ; but the 
multiplication of cells by subdivison soon takes place transversely 
as well as longitudinally, so that a flattened leaf-liko expansion (n) 
is produced, so closely resembling that of a young as 

to he readily mistaken for it. This expansion, which is termecl the 
proth/ilh'ion^ varies in its coufigiiration, in different hj^kjcics; but its 
essential structure always remains tbe same. From its under sur- 
face are developed not merely the root-fibres («, h), which servo at 
the same time to fix it in the soil and to supply it %vith tnoisture, 
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but also the and archtif/onia which constitute the true 
representatives of the essential parts of the Flower of higher Plants. 

Fig. 2;J2. 

A B 



Hf'Vt'lojimrnt of tlo* AiithcnMiji ninl i\utlu’ro'/,(>i(]s t»f rhrly. 
nfn'uiaUt: a, of our of t]ir ri'llj^of tlir prothtiUiuni, 

tlu' unthrrifliHl rrll with its sp(‘rm-<'rll8 r, within 
Iho cavity of tin' ovit^uial r( Il n;— it, Anthcrhliuin com- 
plctcly (h'VrlojKMl; a, wall of iinthnidiul roll; c, fix htj-coUk, 
<*a<'h ciu'hjsiiifr an antln ro/,oi<l ; ~c, Ant}i<‘ro/(.ui more 

showing its large cxlroimty n, its small t xtmmty 
h, ami its cilia d, il. 


Fic. 23a. 



AirUcgoiiium ('f rttrln scrrulala: — A, hh soon from ftb<n«'; 

<7, rt, rt, cells surrouinling the Imee of tht' cavity; b, r, d, suc- 
cessive layers of eells, the highest enclosing u quadrangular 
orifice : — B, sitle view, showing A, A, cavity containing the 
^nn-cell, <i: «, >i, walls of the arcijogoiiium, made up of tln‘ 
four layers of cells, <•, d, c, and having nu ojaming,/, on the 
summit : C, antherozoids within the eavity : g, large ex- 
trmitv; h, thread-like portion ; ?, small extremity in contact 
with tlie genu-cell, and dilated. 

Some of the former may be distinguished at an early period of 
the development of the prothallium (/t, /O ; and at the time of its 
complete evolntion these bodies are seen in considerable numbets, 
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c8|x?oially about the origins of tbe root-fibros, Ea<!h has its origin 
ill a peculiar protrusion that takes j>lace from one of the cells of tht' 
prothallium (Fig. 232, a, a) : this is at first entirely filled with 
chlorophyll-granules; but soon a necnliar free cell (fj) is seen in its 
interior, filled with mucilage and colourless granules. This cell 
graxlually becomes filled with another brood of young ceils (c), and 
increases considerably in its dimensions, so as to fill the projection 
which encloses it : this part of the original cavity is now cut (>tl‘ 
from that of the coll of which it was an otfs-hout, and the 
autlieridium henceforth ranks as a distinct and independent organ. 
Each of the spcnn-colls (u, e) included within tlu‘ antheridial cell, 
i.s seen, as it a])proaelies maturity, to contain a spirally-coiled fila- 
ment; and when set free by the bursting of tbe autheridium, the 
sj)crm-ccllK themselves l)urst, and give exit to their antherozoids (c), 
which execute rapid movements of rotation on their axes, partly 
dependent on the six long cilia with which they are furnished. 

343. The arclirf/inna are fewer in number, and are found uppn a 
different paid of the prothallium. Each of them originates in a 
single cell of its 8upeifi<nal layer, which undergoes subdivision by a 
hori/oiital pariition. Of the two cells thus produced, the upper 
gives origin, by successive subdivisions, to the ‘ neck’ of the arene- 
goniuin, whic!), when fully develojx'd (Fig. 233), is composed of 
twelve or morei'dls, built up in layers of fi»ur cells each, one upon 
auother, as to form a kind of chimney or shaft, having a central 
]>assage that leads down to a cavity at its base. Tlic lower of tbe 
two first-formed cells ]>ecomes the * central ceiF of the archegonium ; 
and this again undergoing horizontal flubdivision, the lower half 
lje>comes tne o(ls{>here or germ- cell, whilst the upjXT extends itself 
into the ‘ neck,’ and forms a canal filled with tnucilaginous proto- 
plasm, through which the antberozoids make their way to the 
oiisphere lying at its bottom (Fig. 233 b, a). The odsphere, when 
fertilized by the penetration of the antberozoids, becomes the 
‘ embryo -cell' of a new jdant, the develo|micni of which speedily 
commences.’^ — In the aberrant group of (Adders’ 

♦ The btiuU of tlit; dcvcloptiv'ut of thn spores of Fcnis, and of the act of for- 
iiliztttion and of its products, may b'‘ ronvi'uiontly pn^Horuh'd as follows : — Let 
a frond of a Fern whoso fructification is mature bo laid upon a piece of fine 
j>a]»er, with its spore-liearin;;: surfatoo downwards ; in tho c^mrse of a day or 
two this fiaper will be found t(» be <’over<xl with a va^ry fim* bmwnish dust, 
which consists of the discharged spores. I’liis must carefully collected, and 
should be spread uptjn tbe surface of a sroootheti fragment of porous sandstone, 
the stone biing placed in a sau«‘er. the bottom of winch is covered w'th water; 
and a glass tumbler being inverted over it, the requisite supply of tnm'sttm* is 
ensure^ and the spends will genninate luxuriantly. Home of the prothallia 
soon advance beyond the rest ; and at tbe time when the advanced open have 
Jong ceased to produce autheridJa, and Ixxir abundance of ai'chcgonhi, thc^ 
which have r<utuiiued behind in their growth are beginning to lie covi?red with 
antberidia. If the crop be now kept with little moisture for sev'craJ weeks, and 
then suddenly w*atpred, a large number of sntheridia and archegonia sitnulia- 
ueously open ; and in a few hours afterward^ the surface of the larger pro- 
ttiallia will be found almost covercMi with moving antherossoids. Such prothallia 

£ £ 
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tongue ferns), the development of the protRallinm takes place 
tiixoferground, in the form of a small roundish tuber, composed of 
parench^atous tissue containing no chlorophyll, and producing 
antheiiciia and archegonia on its upper surface. 

344. The early development ot the Embryo-cell takes j)lacc 
according to the usual method of repeated binary subdivision, pro- 
ducing a homogeneous globular mass of cells. Soon, however, rudi- 
ments of special organs begin to make their appearance ; ’ the 
embryo grows at the expense of the nutriment prepared for it by 
the prothallium ; and it bursts forth from the cavity of the archc- 
gonium, which organ in Uie meantime is becoming atrophied. In 
the ver^ beginning of its develo})ment, the tendency is seen iu the 
cells ot one extremity to grow upward so as to evolve the stem and 
leaves, and in those of tiie other extremity to grow downward to 
form the root ; and when these organs have been sufficiently de- 
veloped to absorb and prepare the nutriment which the young Feni 
ro<iuiro«, the prcjthalliinn decays away. Thus, tlien, the ‘spore’ of 
the Pern must be considereil as a generative or detached 

dower-bud, capable ol' developing itstdf into a prothallium that may 
be likened to a receptacle l)earing the sexual apparatus. But this 
prothallium servos the further }>urposc of ‘ nursing’ the embryoes 
originated by the generative act ; which embryoes finally dovelopc 
themselves, — not, as iu Mosses, into mere spore-capsules,- but, as in 
Phanerogam i a, into entire plants, complete in everything but the 
true geuerative organs, winch evolve themselves from the detached 
spores. 

34f>. The little group of E(fKise{acr,fp (Horse-tails) which seem 
nearly allied to the Ferns in Ine type of their generative apparatus, 
though that of their vegt*tative portion is very different, affords 
certain objects of considemble interest to the Microseopist. 'J^he 
whole of tneiv strnctun* is penetrated to such an extraordinary 
degree by that even when its organic portion has been 

destroyed by prolonged maceration in dilute nitric acid, a consistent 
skeleton still remains. This mineral, in fact, constitutes in some 
species not h\sH than Id per (!eiit. of the whole solid matter, and 
per cent, of the inorganic ash; and it e.specially abounds in the 
epidermis, which is nsetl by cabinet-makers for smoothing the surface 
of wood. kSoino of the siliceous particles arc distributed iu two 
lines, parallel to tlio axis ; others, however, are groujxid into oval 

exhibit frcRldy-i-*j><’nt‘<l aiThejconiji are now to behuld by one lobe between the 
forefinger and thiuub ivf tin* Udt hand, so that the upper surface of the prothul- 
lium ln\s upon tfie thumb; and tlm thinnest possible sections aro then to l>' 
made with a. thin invrri'w -biad'-Hi knih\ perpendicularly toils surface. Of these 
sections, which, afuu' inut h pracime, nuiy l)c made no more than l-15th of a 
line in thmkness, stmio will pmlKihly lay 'o{w*u the canals of theiirchcgoma ; tind 
within these, when examined with a imwur of 200 or 300 diameters, aiitherozoids 
may bo (KH^asiuiially disiiuguisljed. The prothallium of tho common Otmuada 
will be found U> afford peculiar facintiee for observation of the develop- 
meut of Hie imtheridifu, which are produced at ite margin. (See Kcv. F. Howktt 
iu Intellectual Observer," Vol. vih p. 32.) 



FETJCnFICATlON Of EQUISETACE^K 


m 

forms, connectetl with each other, like the jewels of a necklace, by 
a chain of particles forming a sort of curvilinear quadrangle ; and 
these (which are, in fivct, the particles occupying the cells oC the 
stomata) arc arranged in pairs. Their form and arrangement ar(* 
l>eculiarly well seen under Polarized li/^ht, for whitrh the pmjjared 
epidermis is an extremely beautiful object ; and it is assorted by 8ir 
D. Brewster (whoso authority upon this point has l>oen goneralh'i 
followed), that each siliceous particle has a regular axis of double 
refraction. According to Prof. Bailey, however, the effect of this 
and similar ohjects (such as the epidermis of Grasses) upon' PolarizCHl 
light, is not produced by the Billiceous particles, but by the or- 
ganized tissues ; since, when the latter have*, been entirely got rid of. 
the residual silex shows no doubly-refracting power.^ — What is 
usually designatcH-l as the fructifujatiou of the Equiseiacca*, forms 
aoono or sjuko at the extremity of certain of the steui-like brunches 
(the real stem being a liori/.ontal rhizoma.) ; and consists of a cluster 
<»f shield-like disks, each of wln\ih carries a circle of ihmn or sporc- 
<'apsule«, that open by longitudinal slits to set free tlio spores. 
Each of these spores has, attmdied to it, two ])airs of elastic lUa- 
jnenta (Pig. 2;>t), that arc originally formed as H])iral tibros on the 
interior of the wall of the j)nmary cell within which it is geuorait;d, 
and are sot fret^ by its rupture; those are at first coiled up around 
the s[>ore, in the manner represented .at a. though more (dosely 
applied to the surface ; but, on the liberation of the spore, they 
exieml themselves in the manner shown at n.— the slightest appli- 
cation of niobtun', liowovcr, serving to make them close iogetm?r 

I'k;. 2:51. 



Hpou'S i)t witli tlusr Elasti** FiliuncMts. 

(the assistance which they afford in the dispersion of the si)orcH 
being no longer required) when the spores have alighted on a damp 
surface. If a number of these spores be spread out on a slip of 
glass under the field of view, and, whilst the observer watches them, 
a bystander breathes gently upon the glass, all the filaments will be 
instantaneously put in motion, thus presenting an extremely curious 
spectacle ; and will almost as suddenly return to their previous 
condition when the elfect of the moisture has passed oC If one 
• See “Silliman's American Jcrirnal of Sckace/^ May, 

£ 2 2 
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of the tham which has opened, hut has notdisohar^d its spores, he 
mounted in a cell with a movable cover, this cnnouB action may 
be exhibited over and over again. These spores, like those of 
Ferns, evolve themselves into a prothalliura ; and this developes 
antheridia and archegonia, the former at the extremities of the lobes, 
and the hitter in the angles between them. 

Nearly allied b.) Ferns, also, is a curious little group of small 
aquatic plants, the lih\T.(u'ari)eo> (or pe[)}>cr-\vorts), which either 
float on the surface, or creep along shallow bottoms. These all 
Hgrec in having two kinds of s|x)res, produced in separate 
eapsttles ; the larger, or ‘ inegaspores,’ giving origin to prothalHa 
which j>roduce archegonia onlv ; and the smaller, or ‘ microspores,/ 
undergoing progressive subdivision, nsnally without the formation 
of a distinct protlmllium, each of the cells thus fonned giving 
origin to nn antherozoid. In this, as we shall presently see (§ il49). 
there is a distinct foreshadowing of the inod(‘ m which the genera- 
tive i>rocess is perfonned in Flowering Plants; the ‘ micros] >ore^ 
(ibriously com*spouding to the ])olleii-graii), while the ‘ megaspore* 
nuiY be considered to re])resent the primitive cell of the ovule. 

lil7. Another alliiinco of Ferns is to the Lifco'po(h‘(trc(e (Club- 
mosses); a group wlii<*h at the }»resent time attains a great develop- 
ment in warm chrnab's, and which, it would sei'in, constituted a 
large ]>art of the arborescent v(*getation of the Carboniferous epoch. 

-In the l/iicftpodioiv projier, the, sporangia are all of one kind, and 
all the spores are of the same size; each, as in Ophl(fplossv)h 
(§ giving origin to a subterraneous prothalliiim, that developed 
lH)th antheridia and archegonia. I’he plant which originates from 
the fertiliz(*d ‘ germ cell ’ of the arcli«*gouium, only attains in colder 
climates a Moss-like growth, with a creeping stem usually branching 
dichotomously, and imbricated leaves; but is distinguished from 
the true inosse.s, not only by its higlicr general organization (whicb 
is on a level with that of hVrns), but by the character of its fructifica- 
tion, which is a club-shaped ‘ spike,’ bearing small imbricated leaves, 
in the axils of which lie the sporangia. The spores developed within 
Ibese are remarkable for the large quantity of resinous matter they 
(’ontain, giving them an inflammability that ranscs their being 
used in theatres to jiroduce ‘artificial lightning.*- I Jut in the allied 
groups of Si^htpinrlfrir ami jKoc/»*<e, there are (as in the lil(i::oeai'p€(v) 
two kinds of spores produced in sepanite sporangia; one set pro- 
ducing * megaspores, ^ from wliich archegonia-bcaring prothallia 
are developed ; and the other producing * microspores,’ which, by 
repeated subdivision, give origin to antherozoids without the 
formation of prothallia. It is a very interesting indication of a 
tendency towards the Phanerogamic type of sexual generation, 
that the prothallium in this group is ctiiofly developed within the 
sporensase, forming a kind of ‘ enaosperm ’ (§ 349), only the small 
)>art which projects from the ruptured apex of the spore producing 
one or more archegonia. — The arborescent Leptdoder^dra and 
t^njiUarm of the Coal-measures seem to have formed connecting 
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links batwoeu tbc VifHcalnr Orijp(o<^ama and tha Phtfurn'ot/iunn, alike 
in the structure of their Stems, and in their Fructification. For the 
fj^pldostrohi or coue-liko ‘ fruit ’ of these trees, represent the cln]>- 
shaped spikes of the Lyco^mduuu'm ; and seem to have l>orne 
* megaspores ' in the sporangia of its basal portion, and "mirro. 
spores* in those of its upper part. Some of the best seams of Coal 
appear to have ]>cen ohiofiy formed by the accumulation of ihes(* 
* megaspores.’ 


.‘M8. Tluis, ill our ascent from ilie lower to tlie liiglier ( h'yptogmns, 
we have seen a griuluai change in the general jilaii of atructnre, 
bringing their superior types into a close approximation to the 
FlowtTing Plant, wliich is undfuibicdly the hi^iest form of vegeta- 
tion, But we liave everywhere ('ucouritered a mode of (icueratiim, 
which, whilst essentially the Kame throughout the scrii's, is no loss 
essentially divStinct from that of the Idiancrogam ; the fertilizing 
material of the ‘ Hjicrm-eells’ being embodied, as it were, in sell- 
moving filameuls, whicli find their way to the * germ-cells* by their 
own indeiH;nd<‘nt movements; and the ‘ embryo-cell’ bein^^ destitute 
of that store of prejiared nutrimeut, which surrounds it in the triu^ 
»Soed, and supplies the material for its early development. In the 
lower Cryptogumiu, we have seen that the fcrt.ilizcfl oospore 
is thrown at one.e upon the world (so to speak) to get 
its own living; but in Ferns and their allies, the ‘ embryo-ceir is 
nurtured for a whib' by tlie iirothalliuni of the jiaront plant. 
While the true rf>j}rodHcfton of the upeclvn is ofTecU^d by tho pro]|>ei* 
Generative act, iha mult/ pll ratio ii of the iudiridtuil is a('Cornj)lish(*(l 
by the pnxluctiou and dispersion of ‘ gonidiar s[K)res ; and inis pro- 
duction, as we have seen, takes place at very different periods of 
<3xistonce in the several groujis, dividing tbc life of each into two 
sejmrato epochs, in which it presents itself under two very distinct 
phases that contract remarkably with eacdi other. Thus, the frond 
of tlie Marchantia «;volved from the spore, and bearing the antiie- 
ridia and arcliegonia, is that which seems naturally to constitub* 
the. Plant ; but that which represents this phase in the Ferns is the 
minute AIarcliantia-lik<‘ prothalliurii. In Ferns, on the other hand, 
the product into whicli the fertilized ‘embryo-ceU’ evolves itself, is 
that which is commonly regarded as the Plant ; and this is repre- 
sented in the Liverworts and Mo-sses by the spore-capsule alone,* 
We shall encounter a similar diversity (which has refjeived the in- 
appropriate designation of * alUjriiation of generations’) in some f»f 
the lower forms of the Animal Kingdom. 

• For mere fh'tmiftd infomwition on tho Htnictnro and (jkhhiHcfttion of fhe 
Cryptogamitt geuerally, tlui rsadsr is r.^hwred tf» Trof. Saadis’ “ T<*xi-book of 
Botany,’^ (Bonnott’s tmuslation), and to Prof, ilofmeisb'r’s largo “ thmdbnvh 
4er Phy«lologisclien Ibitunik.” 



CHAPTER TX. 


Of THK MICnOSCOPiC STRVCTFKE OP PUVSEKOGVMU PLANTS. 

IjiO. liCTWEEN the two great divlsioTiH of the V^eg^'iable kingdom 
which are known as Crifpiiujnmiit and rharirroff^nnin, the nepara- 
tion Ih !)yn(» means so abrupt unit formerly seemed to he. Kor. as 
has been already shown, though the (Vyptoganiia wei*e fonnerly 
I't^^arded as altogether uoii-sexnal, a true flenerati\o process, re- 
(fiurhig the (U)ueurrenee of mat* and female ehujionts. is traceable 
thronghont th(* series. And in the higher t}pes of that series, we 
have seen a foreshadowing of those provisions for th(‘ nurture of the 
fertilized end)ryo, which constitute the distinctive charaeb'rs of the 
!*haneroganiia. On the other hand, altlnmgh we are accustomed 

speak of Vha itomtjtnnia as ‘flowering-plants,’ yet not only are the 
conspicuous jairts of the tlowiw often wanting, hut in th(‘ important 
group of Oifiitiin^ju rinH (including the Cmtif raj and Cyradcf^)^ the 
essential j)avts of tlie Cenerative apj^aratus are reduced to a con- 
dition of extreme Hini])licity, closely a])})roxiniating to that of the 
higher Cryptogams. There are, however, certain fundamental 
ditferencc’M h(‘t\veen tlu‘ modes in which the act of fertilization is 
iK'rtomieil in the two groups. For (I) whilst in all the Idgher 
Oryptogains, it is in the condition of free-nn>ving ‘ Jintherozoids’ 
that the contents of the sperm-cell find their ^vay to the gcnn-colC 
these are conv('3’ed toil, thnmghout the Phanen^gaiiii(* series, by an 
extension of the lining meinbrain' of the spenn-cell or pollen-grain 
iiih) a tube, which penetrah's to the germ-cell contained in the 
interior of the body <’allcd the ‘ ovule.’ Again (2), while the 
*'germ-ceir or ot'mphere in the higher Cryptogams is coutfiined in 
a structure that originattKi in a spore detached from the parent- 
phint, it is not only formed and fertilized in all Phanerogams 
whilst still home on the parent fabric, but continues for some time 
to driiw from it the imtriraent it requires for its development 
into the ‘embryo.’ And at the time of its detachment from the 
jmront, the maturetl ‘ seed’ contains, not merely an ‘ embryo’ 
alreadiy advanced a considerable stage, but a store of nutriment to 
serve for its further development during germination. As tliere is 
nothing parallel to this ’ among Cryptogams, it may be said that 
repixxluction by scc</s, not the possession of flowers, is the distinc- 
tive character of Phanerogtims, 'I’he which when fertilized 

and matured become setKis, are developed from sjwcially modified 
leaves* which remain open in GjTnnosperms, but which, in all other 
1‘hanerogams, fold together so as to enclose the ovules within on 
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‘ ovary/ Each ovule couaists of a * nucleus’ surrounded by ‘ iutegu- 
mouts’ which remain unclosed at its anterior end, leaving oj^eu a 
short canal termed the ‘ micropylc.’ One cell of the nucleus nndor- 
goes great enlargement, and becomes the embryo-sac, whoso cavity 
fillcslt in the first instance, with a mucihiginons fluid containing 
protoplasm. At the cud of the embryo-sac nearest the mi<Topyle, 
a germ-cell or ' ousphere' is devt‘loped ; in IMianerogams generally 
by free cell- formation (§ 22t>). but in (iyinnosperms indirectly as the 
[>roduct of th<‘ formation of a ‘ corpusculuni,’ which represents the 
arehegonium of iSelagmella (§ 247) l>y a, furilier process of fre<i 
cell-formation, the remainder of thc! embryo-sac comes to lx’s filled 
with cells, constituting wliat is termed the ‘ taidosperm and this 
serves, like llie protlmllinm of Fern.s, to imhibe an<l j)repare nutri- 
niejit which is afh’rwards aj>]>ropriatA)d by the (unbryo. In many 
seeds (as those of the Ijtyumlnosm) the wliole nutritive' mah^rial of 
lluMmdospenii has be('n absorbed into ilu* ‘cotyledons’ (or sced- 
loi>eH) of the embryo, by the time tliat tlu‘ seed is fully matured 
and independent of the }>ar(‘nt ; but in other case.s it. reiuaiiis as a 
‘ sejairate albumen.’ in either case it is taken into tlio substance <d 
tin* Kmbryo daring its gtaanination. 

ddd. Eliini'iitary — No marke<l change shows itself in 

genc.'ral orgunizaiion, as we pass from the Orypt<)gamic to the 
l*iutrierogami(; S^jries of Idauts. For a large ])roportioTi of the 
fal^rie of ev('n th(j most elaborately furnuMl Tree (including the parts 
nund actively eone<'rned in living action) is made up of components 
f»f tiif‘ v«‘ry same kind witli those winch constitute tin? entire 
orga?tisms of the .sirnjdesi Oyptogams. f'or although the Stems. 
Branches, and Hoots of trees and shrubs are ]>nnci])uny composed 
of irifody tissue, such as we do not meet with in any but the highest 
Crvptogainia. yet tlie s})ecial office of this is to allbrd mechanical 
supixirt: wIk'ij it is on<*e fonrujd, it tukcM no further share in the 
vital economy, than t^> for the conveyance of fluid from the 
roots upwards through the stern and hraiiclnjs, to the leaves; and 
even in these organs, not only the jnth and the, >>ark, with the 
* medullary rays/ which serve to c<jnneet tluim, but that ‘ cainbiuiu- 
layer’ intervening between the bark and the wood (§ Jj72), in which 
the ja'riodical fonnation of the now layers iKith of bark and woo»l 
takes place, are composed of (^allular substance. This tissue is 
fiiuml, in fact, wherever [froicth is taking jdace ; as, for example, 
ill the * srsmgioles’ or growing-points oi the rout-fibres, in the leaf- 
budft and l€ave,s, and in the liowcr-buds and sexual parts of the 
dower ; it is only when these organs attain an advanced stage of 
development, that ivoody stnudure is lound in them,- -its function, 
(as in the stem) being merely to give support to their softer tex- 
tures ; and the small prof portion of their substance which it fomxs, 
l)eing at once seen in those beautiful ‘ skelebms,’ which, by a little 
skill and perseverance, may be made of leaves* flowers, and certain 
fruits. All the softer ana more pulpy tissue of these organs is 
i^inposed of cells, more or less compactly aggregaH'd together, and 
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Imvinj? fonitfi that approximate more or less closely to the j^lobokr 
or ovoiJal, which may be »iotisidereil as their ori^nal typo. 

351. Ah a jjreueral mle, the rounded Khaj>e is preserved onl}^ when 
the cells an? but loosely aggregated, as in the parenchymatouH (or 
pulpy) substance ot' leaves (Fig. *235), and it is then only that the 
distinctnesM of their walls become evident. When the tissue 
becomes more solid, the sides of the vesi<‘k*H are pressed against <'aeb 

Fm. 



t)f Loaf of Irojitod with diluto- Jiitrio uoi,], 

Hlenvin^tUo j,>viiuor(hal ntriolo cuntruoL-rl in tho intoriin- t*f 
tlio rolls: — rt, HpiiJoriuic cells, (>, l>*siml;irj'-eollH of the sioma ; 

0, colls of pare achy mu ; </, their pnmordial iiiricles. 

other, so as to llatten them ami to bring them into close ajiposition ; 
and they then udliere to one another in smdt a manner, that tln^ 
partitions apj>ear, except wlien carefully examined, to }>e single 
instead of double as they really are. Frequently it hapjxjns that 
tho presHuro is exerted more iu one direction than in another, so 
that the form presentetl by tho outline of the coll varies according 
to the direction iu which the section is made, dliis is well shown 
iu the pith of the young shoots of Elder, Lilac, or other rapidly 
gi'owiug trees ; the cells of which, when cut transversely, generally 
exliibit dnmlar outlines ; whilst, wlicn the section is made venically, 
their bonlors are stniight, so as to make them api)ear like cubes or 
elougated prisms, as in Fig. 235. A very good example of such a 
cclltuar parenchyma is to be found in the substance known ns/^/cc- 
piiptsY ; which is made by cutting the herbaceous stem of a Chinese 
plant termed Aralia vertically round and round with 

a long eharpknife. so that its tissues may be (os it were) unroDed 
in a sheet, ^e Hhajie of its cells when thus prepared, is irregularly 

♦ Th« which is sometimes named as the source of this article, 

is m ludi^ pikitt employed for a similar purpose. 
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prisiimtio, iw »!iowu iu Fig. 236, b; but if the stem be cut traus- 
vcrsely» their outlines are seen to be circular or nearly so (a). 
W hen, as often hapjiena, the cells have a very elongateil form, this 
elongation is in the direction of their growth, which is that, of 
(bourse, wherein there is least resistance. Hence their grcatcMt 
length is nearly always in the direction of the axis ; but th(*re is 
one remarkable exception,— that, namely, which is affordeil by tlu‘ 
‘ medullary mys ’ oi Kxogenous stciuK 37(1). whose cells are 
greatly (dongated in the horizontal diiaxdiou (Fig. 259, u), iJirlr 
growth l^ing from the centrt? f)f the stem towards its circumfcn'uce. 
It is obvious that fluids will be more readily transmitted in tlic 
direction of greatest elongation, being that in which th(‘y will have 
b> pass Ihrougli llu; least number of partitions ; and whilst Ibeir 

I'lc. 200. 



Secli.tus of < ''■nulur fVtreacliyTii.a of Aralh^ or llieo-papor 
— a, tnui'^vorholy to tho axis of tbo stciu ; ii, iu th»i 
♦ lir.’ctiou of tiu; axis. 

ovilinary courH<‘ is iu the direction of the leufifh of the 
Stt'.ms, or branches, they will be enabled by means of the medul- 
lary rays to tiud their way in the /mwseersc direction. — One of the* 
most ininf)UH varieties of form which Vegetable cells present, is 
the (;ell, represented in Pig. 237, forming the spongy j>arc«- 

ehymatouH substance in the stems of many a^piatic plants, of the 
Ilmh for example, which are furni.Hhed with air-spaces. In other 
instances, these air-8p»aces are large cavities which are altogether 
left void of tissue : such is the case in the Kiiyhar Intaa (yellow 
water-lily), the footstalks of whose leaves contain largo air-chambers, 
the walls of wdiich are built up of very regular cubical cells, wldlat 
some curiously-formed large stellate cells project into the cavity 
which they bound (Pig. 2tl8). — The dimensions of the com^nent 
vesicles of Cellular tissue are extremely variable ; for although 
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tU^ir diameter is very commonly between l-3(X)th and l-500tb of 
all inch, they occasionally measure as much as l-30th of an inch 
across, whilst in other instances they, are not more than 1 -300th. 

352. Ilie component cells of 
Fio. 237, Cellular tissue are usually held 

together by an intercellular 
substance, which may be con- 
sidered analogous to the ‘ gela- 
tinous^ layer that intervenes 
between the cells (d the Alga^ 
(:i 229). This, in an early stage 
of their devolopinent, is oftiui 
very abundant, occupying more 
s[»{tc(* than iht; cells thcinsolveB, 
as is seen in Fig. 239, a ; and thc^ 
eell-eavities an* not separated 
Hrctioii of tVllular iKUDiicbyina of liutth. from it by theinter])Osition of u- 

distinct membrane. As the 



cells enlarge ainl increase by duplicative sub-division (a)* tlu* 
'iiterveniug substiiuce diminishes in relative amount; aud as the 
cells advance towards their matun* eonditiou (( ), it mendy shows 


I a tliiu layer boiw<^cn thei 
Fio. 23S. 



i. 3’here are many forms of fully 
develojM)d cellular parenchyma, 
ill which, in consequouc(! of the 
loose iiggregatiou of their com- 
ponent cells, these may In* readily 
is(datiMl, so as to be })reparodfor 
separate examination without 
the use of ri'-agents which alter 
their condition : this is the case 
with the pulp of ripe fruits, such 
as the Strawberry or (’urrant 
(the Snowdierry is a ])artieularly 
iavourabh* subject for this kind 
of cxaminntioid. aud with the 
parenchyma of many fleshy 
leaves, such as those of the Car- 
nation ra nfophylim) 

or the Txmdou Pride {S^uifraga 
emssifoUa), Biich cells usually 
contain evident nuclei^ which 
are turned brownish-yellow by 
ioilino, whilst their membrane 


partmeUynm, with Stellatt3 cells, is only turned pale -yellow; 
1 |>etiole of Kuphar Uttea, and in tliis wav the uucleUH 

may be brougnt into view,, 
when, 0^ oftan happens, it is not previously distin^shable, 
II a drop of the iodized solution of chloride of zinc oe subse- 
quently added, the cell-membrane l>ecomes of a beautiful blue 
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colour, whilst the nucleus and the granular protoplasm that sur* 
iX)und8 it retain their brownish-yellow tint. The use o{ dilute nitric 
or sulphuric acid, of alcohol, of syrup, or of several other reagents, 
serves to bring into view the ^yrimoraUd utricle (§ 223) ; its contents 
being made to coagulate and shrink, so that it detaches itself from 
the cellulose wall with wliich it is ordinarily in contact, and shrivels 
up within its cavity, as shown in Fig, 23o. It would be a mistake, 
however, to regard this as a distinct membrane ; for it is notluug 
(dse than the peripheral layer of protoplasm, naturally somewhat 
more dense than that which it includes, but deriving its special 
I'roin "the <»])erations of reagents. 

Fig. 230. 



htngos of t'ell-funiuttinn in the d(; velojanoiit of the Leaves 
of Anacharin ahituiMrum : — A, growing point of tLo bniuch, consisting 
<»l a protoplaBiiuc mass with young cells, the projections at Its lm«o 
U'ing tlic rudiiin'iits of leaves; w, poilion of ou(i of th<'Hf» incipient 
Icavoftin a more advanced condition; c, the sunn* in a stiU later t 




It is probable that all Cells, at some stage or other of their 
growth, exhibit, in a greater or le.ss degree of intensity, that 
curious movement of cyc/osts, which has hoeu already desenbed as 
iMxurring in the Cluiracem (§ 258j, and wliich consists in the steady 
dow of one or of several currents of protoplasm over the inner 
wall of the cell ; this being rendered apparent by the mot^mentoi 
the particles which the current carries along with it. a he best 
examples of it are found among submerged plants, in the celw ot 
which it continues for a much longer period than it usually aoes 
elsewhere ; and among these are two, the Valluncrw »pvr(di4t ana 
the Anarhari^ aUinustrnm, which are peculiarly fitted for me eicni* 
bition of this interesting phenomenon. — The lalUmmo is an 
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plitnts ; aad wRat is cRiefly necessary is, tRat tRe part from winch 
the Rair is gatRered should be in a state of vigorous growth. The 

hairs should l>o detached by 



teariug-offwith a pair of fine- 
pointed foreops, the portion 
of the cuticle from which 
they spring; care being taken 
not to grasp the hair itself, 
whereby such an injury would 
be done to it as k> clieck the 
movement within it. 'rhe 
hair should then Iw placed 
with a drop of waf er under 
thin glass ; and it will gene- 
rally he found advantag(‘ous 
to use a l- 8 thinch Objective, 
with an A(^hromatie (hm- 
denser luivdng a scries of 
diaphragms. The nature of 
the movement in th<^ hairs 
of different H}>eeieK is far from 
lK?iug uniform. In Honn; in- 
stances, the currents pass in 
single lines along the enfivi* 
length of the e.olls, as in the 
hairs from the filaments ol' 
the Tnnh'si'n nihf tuVf/i/MVn.or 
Virginian Spiderwort (Fig. 

a) ; in others there are 
several such enn'ents wliich 
retain their distiuetuCHS. us 
in the jointed hairs of the 
calyx of the same plant ( id ; 
in others, again, the streams 
coalesce into a network, tin* 


roticulatioiiK of which change 
l^UUoaof fluid in Hairs of Tt'mfman- their position af short inter- 

F F vaJH, 08 in the hair« of (ll-w- 

hmr attAcheu; a, h, c, siiccossivif rfDs of . , . i ^ 

Oiehiiir; cells of tin. euticles;r,8tonm: Hdtopa; whilst there 

of ft bended bfiir, showing stsvo- are cases in which the enr- 
rftl enTitu%» : a, Nucleus. rent flows in a sluggish uni- 

formly-moving shetit or layer. 
Where several distinct currents exist in one cell, they are all fouu<l 
to Rave one common }H)iut of departure and return, namely, th<* 
nucletjn (b, a ) ; from which it seems fairly to l>e inferred that this 
body is the centre of the vital activity of the cell. — Mr. Wenham 
states that in ail catves iu which the cyclosis is seen in the hairs 
of a plant, the cells of the cuticle also display it. provided that their 
walls are not so opaque or so strongly marked as to prevent the 
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movement from being distinguieked. The cuticle may Ih> morti 
readily torn off from the stalk or the midrib of the leaf ; and must 
then be examined as speedily as possible, since it loses its vitality 
when thus detached, much soouer than do the hairs. Even when 
no obvious movement of particles is to lie seen, the existimce of a 
oyclosis may be concluded from the peculior arrangement of the 
molecules of the protoplasm, which are remarkable for their liigh !*»'• 
fractive power, and winch when arranged in a ‘ moving-tram,'a])pcar 
118 bright Un(^s across the cell ; and these lines, on being carefully 
watched, are seen to altt^r their relative positions. — T'he leaf of 
the common riiritioffo (IMantain or Dock) furniKhes an t^xceHcnl 
example of cyelosis ; the movement being distinguishable at tlie 
same time both in the colls and in the hairs of thi* cuticle torn from 
its stalk or midrib. It is a curions cirenm stance that when a plant 
which exhibits the cyclosis is kept in a cold dark place for one or two 
days, not only is the movement Hiispendtd, but tne moving particles 
collect together in little heaps, which arc brok<‘n-up again by the 
separate motion of their partich^s, when the stimulus of light and 
warmth occasions a rent‘\val of the activity. It is well to col led 
the Hpecinums alsmt midday, that hcitig the time when the rotation 
is mosi active, ami tin* irnwemcnt is usually (pn(;kened by ariilicial 
warmth, which, iiide<‘d, is a necessary condition in some iustancos 
to its being seen at all. d’bc most convenient method of applying 
this warmth, while the object is on the stage of the Microscope, is 
to blow a stream of air upon the thin-gUisH cover, Ihrotigh a glass 
or metal tube. ]>revimiHly hejitcd in a sjiirit-lamj). 

dob. The xvalls of ih(5 eeils 
of plants arc frequently thi(;k- 
ened by internal <lei)Osit.s, 
which may jirescnt very 
<lifferont api>t‘ara.ncc8 accord- 
ing to the manner in which 
they are. arranged. In its 
simplest condiliorn such a 
dej^oHit form.s a thin uniform 
layer over the whole iutenial 
surface of the cdluloHc-wall, 
scarcely detracting at all from 
its transparence, and chiefly 
distingmshiihle by the^dottcfl’ 
appearance wliitm the mem- 
brane then presents (Fig. 230. 
a). These dots, hovyever, arc Tissue the Tostaor Rced-coat of a .Sfirr- 
not pores, as their aspect , 4 «wc;~a, as seen in soctfon ; as seen on 
might naturally suggest, but the surface, 
are merely points at which 

the deposit is wanting, so that the original ccll-w^oll there remains mi- 
thickened. Amorecomplete consolidation of (Cellular tissue is effected 
by deposits of eeieroyen (a substance which, when separated from tlm 


no. 211. 
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rcHinotis and other matters that are commonly associated with it. 
is found to be allied in chemical composition to cellnlose) in succes- 
sire layers, one within another (Fig. 241, a), which present them* 
selves as concentric rings when the cells containing tliem are cut 
through ; and those layers arc sometimes so thick and numorouK 
os almost to obliterate the original cavity of the cell. By a con- 
tinuance of the same arrangement as that which shows itself iu 
the single layer of the dotted cell — each de})osit Ixiiig deficient 
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8oction of Ch(>n'y~8t*me, cutting 
the cells tvausverSely. 


Srotnui ot Co<{uiHa~nnf, lu I lie 
of t)»<* long diamctcr.v 
of the ceilt). 


at certain points, and these points corroHpoiuling witli each other 
in the successive layers — series of passages is left, by which the 
cavity of the cell is extended at some points to its membranous 
wall; oM it commonly happens that the jHiiuts at wliich the 
deposit is wanting on the waUs of the contiguous cells, are coinci- 
dent, 80 that the membranous partition is the only obstacle to the 
communication between their cavities (Figs. 241-24^1). It is of such 
t the ‘ stones* of stone-fruit, the gritty substance which 
I the seetls and forms little hard points m the fleshy sub- 
! the I'ear, the shell of the Cocoa-nut, and the albumen of 
the aeed of Fhijtelej^hm (known as ‘ vegetable ivory’), are made up; 
aikd we see tbe use of this very curious arrangement, in permitring 
the cella, even after they have attained a considerable degree of 
consolidation, still to remain permeable to the fluid required for the 
nutrition of the parts which snch tissue encloses and protects. 

S&7. The deposit sometimes assumes, however, the form of 
definite which lie coiled-up in the interior of cells, so as to 
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form a magle, a double, or even a triple or quadniplc spin) (Fig. 

8uch ifpiral cdU are found most abundantly in the leaves (d 
certain Orchideous plants, immedi- 
ately beneath the cjiticle, where they 
arc brought into view by vertical sec- 
tions ; and they may be obtiiined in 
ail isolated state by ma^'.eratiug tin* 
leaf and j uncling oil’ tlu* cuticb^ ho as t<* 
exj>ose the layer beneath, which is th<‘n 
easily separated into its com}H)uents. 

In an Orchideous plant, named Nnccr;- 
nniinitmiy the spiral cells are 
unusually long, ami liaveKpires wiml- 
iug in o]>}>oHite din'clions ; so that, hy 
their mutual intm-Hection, a series of 
•liamoud - shaped markings is ]>ro- 
duced, Sjhral cells are often fonml 
ujM>n the Hurl'ace of th<‘ or outer 

coat ol seeds : ami in tin* */ranthjh)rn. 



Sji’itil liof el (hh idiK 


the Hiflvta rrrbr- 
,n(vn (Wild (’lury), and H«une other j>laiits» the memhnine of thesf* 
cells is so weak, and the elasticity' of their Hhr(\s so gr(‘at, that, when 
the meinhram* is H()ftene<l hy the action of wahT, thetihres suddenly 
uncoil and elongatt* themselves (Fig lMo), springing out, as it were. 
Iroin the surface of the seed, to which they give a peculiar Hoccu- 
Icut a[>|M^araiice, 'rhis very cu- 
rious ])hen<)nicTion, whicli is not 
unfrequently sjMiken ol ))y jier- 
soUK iguorant of its tnie nature 
as the ‘ germination’ of the seed, 
may be best (»!»ser\ed in th<‘ 
follow'iiig manm*r; — A very thin 
transverse slice of the. see<l 
Hhonld first he cut, ami laid upon 
the lower gla.-is of the Axjuatic 
box ; the cxiver sbonld then he 
pi’essed down, and tin* Ixox placed 
Uf>on the stage, so that the M t- 
eroscope may W exactly focussed 
to the object, the power em- 
ployed Wing the 1-inch, 2-13rdH 
men, or the J-inch. The cover 
of the aquatic-box Wing then ■ 

removed, a small drop of water 

Aouia U' plaoe.1 on that partof Si.inU (ibri.s of yc d-oui of OJM,. 
its lutemal surface with which 

the slice of the seed had Wen in contact ; and the cover Wing re- 
placed, the object should be immediately looked at. It is imjKir- 
tant that the slice of the seed should be very thin, for two reasons; 
first, that the view of the spires may not be confused by their 
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affgregtttion iu too ffrcat numbers ; and sccoikI, that the drop fd' 
water should be held in its place by capillary attraction, instead ol' 
mnning down and leaving the object, as it will do if the glasses lx* 
too widely separated, 

1558. In some part or other of most Plants, we niet?t with cells 
containing granules of utarrh, which gjHX'ially abound in the tulx'rs 
of the Potato, and iu the seeds of (‘ereals and Legumes. Sturch 
grains art^ origimilly formetl in the iuteri(»r of ( 'hlorophyll-cov- 
puscles ; but us they increase in size, tin; chlorophyll tliins itsejf 
out as a mere <;overing film, and at last disappears altogether. So 
long as the slan^h-grains remain (‘mbedde<l in the protoplasm-layer, 
they continue to grow ; but when llu'y accumulate so as to occupy 
the cell-cavity, their growth stops. ITuy an‘ sometimes minute 
and vei*y nmuerous, and so closely pached as to till the (adl-(tavity 
(Fig. 246); iu other instances they are oi much larger diuumsions. 
so tiuit only a small nnml»er of them can be in(‘]tui(‘d in any oii«‘ 
eell ; while in other cases, again, tiny tir<* both lew undniinute, s(» 

Fa;. 2ir». Fio. 247. 


.L'l'lls of tillid with Starch. (.Iranules of Starchy as seen under 

P<»lanzt*(.l Liglit. 

that they funii hut a small jnoiHudion (d* the eell-coutt'iits. Their 
nature is at onee detet'ted by tno addition of a sidiition of Lxiine, 
which gives them a beautiful blue colour. Each granule, when highly 
mognitlod, exhibits a ptnuiliar spot, termed the ; round which 

are seen a set of circular lines, that are for the most part concentric 
(or nearly so) with it. When viewed by Polarized light, ea<;b graiti 
exhibits a dark eross. the point of intersection being at the hiliiin 
(ITg. 247) ; and wlnm a SoleniU'-plate is interposed, the cross becomes 
l^eautifully cjolonnsl. Opinions have W*u vcr>' much divided 
regarding the internal structure of the starch-grain ; but the dfH> 
trino of Nagt4i,‘* that it is composed of successive layers which in- 
crease by ' intus-siiscepluin,’ is the one now generally adoptcxl. 
These layers differ iu their proportion of wattu*; the outermost 
layer, wliich is the most solid, having within it a vratery layer ; 

• See his Papers in “ Sitzung8lx>richte K^m. Bayer. Akael, der Wisutu)- 
sohaften," 1662 and 1688 j and Sachs' “ Handbook uf Botiiny ” (Bennetrs Tmns- 
ktfon), pi>. 5(>~62. 
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this, again, Wing succne<le<l hy a firm layer, which is i'oll(>wc<l h^ it 
watery layer; and svt on, — the proportion of water iucreasiug 
towards the eentro in luith kinds of layers, and attaining its 
niaximnni in tlio inncrinoKt part of the grain wheri^ the formation 
of now layers takes place, <ransing the distension of the older ones. 
— Although the diuiensions of the Starclegrains produced by any 
one species of plant ar*' by no nu*ans constant, yt‘t tliore is a rertain 
average for each, from wbicli none of them dci)art v<n*y widely ; 
oiid by nderema" tf» this average, the starcb-grainH of diHerent 
plants that yield this product in abundamu' may be mi(U'oKCO]ncuny 
<liHtingin9hed from one anotlnu', a cireiimstaiu'e of consideralde 
im]>ortance in comniena*. 'J'hc largest starch -govii ns in common 
use are tho.s(‘ of tlie ]>lant (a spccio of ('tfuinj) known as 7'ees /es 
veoof; the average tlianuder of those of iln^ is about the 

sam<‘ as the diameter of the smalb'Ht <d thi'd’ous les mois ; ami the 
size of the ordinary starch-grains ()f W'hi'af and of /SVryo is about 
the name as tliat of the smallest grains of j *ota to- starch ; whilst 
the grannies of /i*/re-starcb are so very minutt* as to b<i at om'e 
distiiignishal»l(‘ from a.ny of the pn-tavling. 

,lo9. Deposit s of Mim-ral matter in a crystalline condition, known 
as /-/fp/z/r/es. are not unfreopmntly found in vegetable etdls ; where 
(bey are at mice brought into view ])y tin* use of Polarized light. 
Their (lesigTiution «lerivttd from ftafpis, n needle) is very appro- 
priate to one <tf tlie most (tominoii slates in wliielj thesi*, hodies 
)>reheut themselves, tlmt, namely, of bundles ol ncedle-Hke eryKials, 
Isiug sidediy-si(h‘ in tlie cavity of the eells; Kimh humllt'S are well 
seen in the eells 1\ ing immediate1\ beimatli the cuticle of the bulb 
of th(‘ incdieinal S<jui]l. It <loes not a}t])ly, however, to other 
lurms which are seareidy less abundant ; tlms. instead of bundles of 
ininntc nec<lles, Kingh* large crystahs, octobedral or prismatic, ari' 
frequently met with ; and the prismatic- erystals are often aggre- 
gated in lieautifnl stellat-c gnaijm. One of the most <-ominon 
materials f»f rapliitles is Oxalate of Lime, wdiirdi is gmu^rally found 
in the sUdlate l\»rru ; and no plant yields these stellate niphides so 
lilmudantly the common JihuharU, the bf’st Hpecirmms of tlui dry 
medicinal root ion+ainiug ns much as do per (smt, of them. In 
the cuticle of the bulb of the (ht'ntn the same material occurs 
under the octolu‘dral or the jiriHimitic form. In otluir iustanc.es, 
the Calcartsms has*? is combined with d’artaric, ( 'itric, or Malic 
a<;id; and the a^^dcular rapbides arc said to consist UMimlly of 
Thosphate <if lime. Some Kajdiides are as long as 1-tOth of an 
inch, while others irnfasure no more than 1-lOOih. They occur in 
all parts of plants,* - tlie W(x>d, Pith. Hark, Hoot, Leaves, Sti miles, 
Sepals, Petals, Fniit, and even in the Pcllen. d'hey are always 
situated in cells, ami not, as some have Htated, in intercellular 
|>assage^ ; the cell-membrane, h<»wovcr, is often so much thiuuetl 
away as to l>e scarcely distinguishable. Certain plants of the 
V/wdtm tribe, when aged, have their tissues so lojxd<,?<l wnth raphides 
m to become quite brittle ; so that when some large sipecimens of 
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<7. mtlUff, said to bo a thcmsand years old, were sent to Kew 
(xardeas from South America, some years since, it was found 
necessary for their preservation during transport to pack them iu 
oottfm, like jcw(dler)\ Raphiilcs are probably to be considered as 
nou-esscutial results of the Vegetative processes ; being for the 
most part produced by the union of orgiinic acids generated in the 
fdant, with mineral bases imbilK‘d ])y it from the soil. The late 
Mr. Vi. Qnek(*tt Kueeeedetl in artiti(‘iany producing raphides within 
the cells of Rice-paper (§ by first filling tliest* with Lime- 
water by m«!ans of the air-pump, ami then placing the paper in 
weak solutions of l*hosjdioric and Oxalic acids. The artificial 
raphides of rbosphaie of Lime were' rhombohedral ; while those 
of Oxalate of liiine \v4'n‘ stellate, exactly resembling the natural 
nqdiides of llu* Hlniharb.* 

A large ]»r()p<')rtion of the denser parts of the fabric of the 
higher IMants is inade-n]» (»f the substance whkdi is known as 
lltjtn'fiVi* iifixnr or irmuhf jihvt'. This, however, can only be regarded 
as a very sinipb' van«'ty (»f cellular tissue ; for it is comiK^stsl of 
{»eculiarly-el<uig.'ito(l e<4lH (Fig. usually poiuUsl at tlieir two 
extremities so as to beoonio Hpindle.shaj>ed, whose walls have a 
special lendencv to undergo consolidation by the int4.;nial deposit 
of sclerogen. It is obvicuis that a tissue consisting of elongated 
cells, adherent togetht‘r by their entire* length, and strengthened 
by internal depe^sit, must |>osschs much greati'r tenacity than any 
tissue in which the cells depart but little from the primitive sphe- 
ncal form ; and we accordingly fin<l AVoody fibre prcsuit wherever 
it is requisite} that the fabric should possess not merely density, 
but the power of resistance to tension. In the higher classes of 
the V^egetubl<! Kingdi»m it constituh^H tin* chief part of tlu} stem 
and l.'rauches, where lliese have a firm and durable character; and 
oven in morr temp(uarv structures, such as the herbaceous stems 
<»f annual I’lunts, and the leaves aud flowers of almost every tribe, 
this tissue forms a more or less important constituent, being 
espeeially fouiul in the neighhourluKxI of tin* spiral vessels and 
duets, to which it affords proU'ction and sup|H)rt. Hence tin} 
Iniudies of fasciculi com|)Osed of these elements, which form tht^ 
’veins* of leaves, and which give ‘stringiness' to \arious esculent 
vegetable substances, are commonly known under th(; name of 
fihrO'Vnttndar tissue. In their young aud unconsolidated state, the 
ligneous cells seem to conduct fluids with great facility in the 

♦ The nmtcnalK nf tUc ab'we paiiMrmph art? tleriwtl from the excellent section 
on this Muhjeet in Trof, iiuekett’s “ Loctnrt‘Son Histology” Ik'sidesthn Vege- 
table slructnivs llierein uunied ns nffording gcxsl illuHtmtion# of different kinds 

Kftphides, may bo mentioned the pan'nelij'ina of the leaf i»f Af/nr*, Cjww#, 
Kw:rpk0tiarim, «l&c, ; the cuticle of the bulb of the l{*m<:<ntb. Tulip, and darlic 
(and probubiy of other bulbs); the bark of the Afplr, ( tincuriffa, rincAonn, Ztiwc, 
J.ocmty and many other trees; the |>iih of Sleifpnua. and the te^sta of the seeds 
of and the Kim . — The Ba{ditdes charot'reTistic of the different Natural 

tirdere of f‘iant« wen* carefully studied by Mr. (inHiver; who gave an account 
4 .f thm m »um*»«ivo Psirts in ♦* Atm. Nat. Hist., ‘ t8til tt mi. 



AVOODt FIBRES .—SPIRAL VESSELS* 

♦lireetiou of tlieii* length ; and m the Cthnfrroui< trihe, whono sUous 
and Lrauehe*^ are destitute ol diictu, they attord the nolo olmnm'l 
tor the aseeut ot* the sap. But alter thoir walln have beeuine 
lliickened by iut/ornal deposit, they are no lon^or Kubnervient to 
this funetion : nor, indeed, do they then Hp[H‘ar to fultil any ol)i(‘r 
purtK>se ill the Vegetable ee-ouoniy than that oi alTonling ineehaui- 
eal support . It is this whieh eonstitutes the diti’erenee betw(‘en 
alharntnii or ‘sap-wood,’ and the or *h(‘art\vood.* oV 

KvogeniHiH (§ ;hl:p. 

‘d(d. A peeuliar set of niarkiiigs seen on the Woody fihroH of the 
t ainl of sonuM)ther trih(*s, is re]>reseiited in big. 2 IS; in 
<nieh of these s]M)ts the inner eirele ap^ 
jjears to ijiark it deileieney of the lining 
deposit, as in the ]»itted cells of other 
plant -i; whilst the <-ire]e indicates 

tin* bouiniury ot a Ic'utienlar <‘avity 
which intervenes l>etvve»*i) the adjue<-nt, 
cells at this point, 'i’liere are varieties 
in this arrangement ho e,haraeteri.stiir 
t>r didhrmil tribes, that- it is sonadimes 
possible to determine, i)y tin* miero- 
.-eopie inH])e<-tion ol' a minnte fragment, 
evmi of a f’ossil wood, tin* tribe to 
which it belonged. M’be woody libn* 
thns marked is often designated a>> 
ijhtiuhtlur. 

dd2. All tin* more perleet bnmis of 
I’hanerogamiu eontain, in noun* part 
<»f their tabrie. the pe<Miliar Htnietnres 
whieli tire known as t * 

’Diesi* hiive Ibe (‘]ongat4*d shtipe of 
woexjy fibres; Ijiil the internal deposit, 
as in the spirtil isdls (§ takes the- 

form of ji spiral tilire winding irom 
end t > ernl, n’maining tlistinet Ironi 
the cell. wall, and retaining its elas- 
ticity ; this Hl>re may l>e single, 
doubh', or even ijiiadnijile, - this last ehanieter presenting itself 
in the very iarg»' elongated fibro-eolls of the ((diinese 

I’itchm'-plant). Sneh cells are ewpecially found in the delicate 
membrane (nn'dullary sheath) surroumling tiie pith of Kxogens. 
and in the midst of the Wfmdy hundle.s oecurnng in the stem 
td Kmlogeus; tlnmee they proeei*d in each case t/i the leaf-stalks, 
tlirough which they are distributed to the loaves. Hv careful 
disscidion uufler the A!icrosco]>e, they may ho Hoparatod entire; 

• 8u long, bow..-v^>r, as they r«;tain thoii* original cellular ehjtnicter, aud d«* 
in>t cottlciiec with e:e'li other, theH<’ fumfonn spiral cells cannot lxi n^gfirdod 
having any inon* claim to the designation of remisr, than have the elongated 
cells of the ligneous tissue. 


ri(.. *-MM. 



SiH 1 ieii of r 'ee// ratiA Hef>f/in 
th" tlirecJiMij f»f tie' h'ilireh, 
nliowing lljt'ir glandular ’ 
dt»ts : — II a o, Medullary Ifaj" 
cio.'>.Mijg til • libo’S. 
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but their structure may be more easily displayed by cutting t*onndp 
but not ihrmujh^ the leal-stalk of the Strawberry, Geritnium, 
and then drawing the paits asunder. The membrane composing 
the tuljes of the vessels will thus be broken across ; but the 
fibres within, being elastic, will be drawu-ont and tm rolled. Spiral 
vosnasls are sometimes found to convey whilst in other cases 

they contain nlr only ; the conditions of this differtmce ar(t not yet 
certainly known. 

Although fluid gi'iicrally linds its way with tolerable facility 
through the variou'^ lonns of cellular tisMu*, •'s]>e(*iiilly in the 
direction of the greatest length of their cells, a more <lirect means 
of conneetlon between ilistiint parts is required for its active trans- 
mission. ^I'his is afforded by dac/s, wliien consist nuTcly of cells 
laid end-to-end, tin* }>artitions between tlunn being more or less 
oblit/Crated. 'J’hi* origin of these Ihiets in e(*lls is oeeasionally very 
evident, b(»th in the euntraction of their eulilire at regular intervals, 
and in the jH'r.sisteTUM* of nmniins of their [uirtif ions^ ( Pig.'2(>.*>, h, h ) ; 
but in most eases.it eun only be aseertained by studying thebist-ory 
of their development, neitln^r of these indieati<»us btdng traceable. 
'I’he eomp<nient cells up{)ear to liave been sometimes simply itiejn- 
branons, but more commonly to have been of the tibrous ty{>e 
(Ji flo7). Some of the duets ft)rmed from the ]attt*r (big. 2 ) are 
so like eonfinnons H])iral v«‘ssels as to be searei'ly distinguishable 
fr{»m thmn, save in the want of elastieity in their spiral fibre, which 
euuses it to break wh"n the attenqd is made to draw it out. This 
rupture would seem to have iabm ]»h\ce, in some instances, from 
the natural elongation of the cells by growth; tin* fibre being 
broken-np into rings, whl(di lie sometiim's elosi' togidlier, but more 
4 u>inmonl\ at eonsidenible inttu'vals ; siuh a diu‘t is said to bo 
tuiitidttr (big. i). Intenm'diate forms between the sj>iral and 
annular ducts, which show the derivation of the lattiT from the 
former, arc very in^pieiitly to he met-with. d’he s]>ires are somc- 
timcK br<>ken-up still more (aanpletelv. and the fragments of the 
film' exU'iid in various iliroctions. so as to meet and foi’iu an 
irn^gular network lining the duct, wliieh is then said to be irticM- 
ktti d. Mdie continuance of the dejM>sit. Imwever, gradually contracts 
the meshes, leaving the walls of tin* duct luarkt'd only by pores like 
those of pcwoijs ; and such canals, dc'signated as fitM 

duets, are especially m»'t with in )*arts of mo.st solid structure ami 
least rapid growdh (Fig. 2 Id, 3 !. The ‘ HeaJanfonn* duels <>f Perns 
(§ mO) are for the most part of the spiral type; hut .spiral ducL^ 
aro frequently to be met with jilso in the rajndly growing leaf- 
stalks of Phovering-phints, such us the Khnbarb. Not nnfm|Uoutly, 
however, Wt* find all forms of duets in the same bundle, as seen m 
Fig. 2 lib The sir.e of these ducts is occashmiilly so great tis tf» 
enable their optuiings to bo distinguished by the iinaidt^d eye ; they 
are usually largest in st<*ms whose size is small in}>ro]>{»rtion to tlie 
surface of leaves which they supj^ort, such as the common Ihinc, or 
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tlie Vine; and, generally speaking, they are larger in wooils of 
♦lease texture, such as C)ak or Mahogany, than in those of which 
the Hbrt>s, remaining nncoiiHolidated, can serve h»r the convey 
of iluid. They are entirely absent in tho Coai/ove. 
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{-O' J.i{u.iinul cf sti-iii <>i /fofltu, Iln,l - (Vllhoftlm 

i’ith ; !>, I' )l)! o- v-iM 111 ir hiih Uo, mTitiujiinj; J, Annular dart ; 

1 , 'lurj : I’lHiMl d„rr, vsith WnoiK llhro ; r, Ot lls of 

tin snl'*^'nnion!. 

»1. 'I he \ «'g<-talj}e tis^tncH wliose priintipal foniis liave l,)een now 
<ler*en)H‘d, liut among whieli an immense vari(*ty of detail is found, 
inay be either st tidied in they present tlienise-lveH in thin 
ol the various parts of the plant mider ex ami nation, or in the 
isfdated eoudition.s in which they arc oblaiintd ]>y diHHrctwn.-^TXu' 
tormer pro<' Oh'S i,-, the unist ea.*iv, and yields a largr* aiiionnt of in- 
ionnation ; but still it cannot in; connidered that the chanu^ters of 
any iishut* have been {miperly determined, until it has been dis- 
s(H;t<*d-out. Sections ot some of tlie hardest \b*geiiible siibstanccN. 
huch iis ‘ vegetable ivory/ the ‘ stones’ (d fruit, the ‘ sheir of the 
( h>et»a-uut, iVc. (§ db<>), can scarcely he obtained exce];t by sliciug 
iuid grinding {§ 192) ; and these may be rnomiUsl either in l -’anada 
balsam or m Ulycerinc jelly. In cases, however, in which the 
tissues ar<‘ of only mcMlerate finnness, the seidioji may l>e most 
readily and efTectually made witli the ‘Microtome’ (§181); and 
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Ibcre ai*e fow of the Vegetable fabric which may not be 

advantagooauly examined by ^ie means, any very soft or thin 
twrtions being ])lacetl in it between two j)ieces of cork, elder- pith, 
or carrot. In certain cases, however, in which even this cora- 
jiression Avould be iujnrious, the sections must be made with a 
sharp knife, the substance being laid on the nail or a slip of glass.- 
In dissecting the Vegetabhj Tivssues, scarcely any other iuHtnimeut 
will be. foniid really necessary, than a pair oi needles (in handle^), 
one of them ground to a rutting edge, 'the adhesion between th(^ 
eomjKmeut cells, fibres, is often sufficiently v^('akeTled by u few 
boars* maceration to allow of their readily conung apart, when they 
ur<‘ torn-asunder by tbe nwdle-poiutH beneath the simple lens of 
u Disst'eting-mientseope. Itut if inis shouM not pr()ve to l)e the case, 
it is d<‘Kiiii))!e to em))loy some (»ther method for Die suke of fueili- 
lating their isolation. None is so effectual as the boiliag of a thin 
slice of the substance under examination, either in dilute nitric acid, 
or in a mixtun' of nitric, acid and <‘hlorate of jiotass, This last 
method (wliieh was devised by Sebultz) is the most rapid and 
efiectual. re<juiriug only a few it»inut<.‘8 for its pi'rformance ; but as 
oxygtui is liberateil with such freedom a.s \o give on almost explo- 
sive character to the mixture, it slumld be put in }>ra<‘tice with 
extrenn^ caution, Aftt^r being thus treated, the tissue should he 
lioihsl in alooliol, and then in water; and it will then be found 
very easy to tear-apart the individual cells, ducts, Ac.. (d‘ which it 
may In? composed. 'These may be preserved by niounting in weak 
spirit. 

btio. 0 , 1(1 liofii , — It is in tbe stems and roods that, we find 

the greut<‘sl variety (d‘ 1 issues in comlauation, aiul the most regular 
plans of strueturo*; and so'ctious of these viewed under a hnv mag- 
nifying jiower are objeids of j>oculiar beauty, indi*p»‘nd(*ntly of the 
scientific information which they afTord, d’ht* Axis piuder which 
term is iuclmhsl the stem with its branches, and the root with its 
ramifications) always has for the liasis of it.s stnicture a densi* 
cellular pareuchy nia ; though this, in the mlvaneeil stage of th*vclop- 
rnent, may constitute but a small portiou of it. In the miilst of 
the juireiichyma wegtmerally find ‘ tibro-va.so'ular' bundles, consist- 
ing of WiSaly lihre. with ducts of various kinds, and (very'' 
luonlv) spiral vessels. It is in the inewle of arrangement of these 
bundles, tliat the fundamental ditVerence exists between the stems 
which are commonly designated as (growing from 

within), and those which are more correctly termed 
(growing on the outside) ; for in the lormer the bundles are 
ihsperned tlioughout the whole diameter of the axis without any 
l>oeuliar plan, the intervals between them being fillcd-u]i l»y 
coUnlar par*?nchyma; whilst in the latU^r they are arnmge<l 
side hy side in such a manner as to form a hollow cylinder of oumf, 
which includes within it the portion of the cellular substance known 
as whilst it is it.self enclosed in an envelope of the same sub- 
stance tliat forms the bark. These two phuis of Axis-formation 



STEM OF MONOCX)TyLEI>OXS. iil 

regjTectivoly cliaracteriMtio of thoso two groat groups iuto wliicb 
Phanerogams are sulMliviilod— namely* the MonoeofijipdoM and the 
DkidifUmas—mW now bp more particularly ilcHcribcJ. 

8t}t>. When a transverse nectioii a mouorofyhdoitouH 

Stem is examined microscopically, it is found to exhibit a nuiuWr 
of fibrovaaciilar bundles, ilisjmsed without any regulanty in the 
midst of the mass of cellular tissue, wliich forms (as it were) the 
matrix or basis t)f tlie fabri«‘. lOaeh bundle contains two, thr<s\ or 
more large ducts, wliicb are at once distinguiKluMl by the si/e of 
their openings ; and tliesi' are surrounded by woody fibre and spiral 
vessels, the trans\erse diameter of which is so extremely small. ihiP 
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the iKirtiun of the bundles which they form is at oma* distinguislied 
in transverse section by the cloano'na of its texture (Fig. Jidl). The 
bundles are least nnmerouH in the centre ol the shun, and iK^conie 
gradually mon* appro xiin a U'd towards its circumference; but it 
frequently hajifiens that the portion of tlie area in which they are 
most comjaictly arranged is not absolutely at its exterior, ibis 
]K)rtioii iKUng itself surrounded by an inve.stmcnt comjK)H<f<l of 
cellular tissue only; and Hoinetinies we find the csmtral portion, 
also, complebdy destitute of fibro-vascular Imndlc's; ho that a soH 
of indication of the distinction between Ihth, Wood, and IJarh is 
here ])resentt‘d. This tlistinciiou, however, is very im|H^!fectj for 
we do not find either the r^ntral or the |>eripheral |^K>rtiontf ever 
separable, like pith and bark, from the intennediab* w<K»dy layer. 
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1 u its young state, the centre of tlie stem is alway s filled-up witli 
; out tnese not unfrequently disappear after a time, excmii at 
the nodes , leaving the stem hollow, 
as we see in the whole tribe of 
( Trasses . When a vertical section 
is ma<h‘ of a woo<W stem (as that 
of ii rahn) of Kiifficieiit length U» 
trace the whole extent of the 
lihro-vascular bundles, it is fonn«l 
that whilst they j>ass at their 
upper {‘xin'inity into the h'aves, 
th«*y pass at the lower end towards 
the surlaco of till* stem, ami assist, 
i)y their interlacement with the 
outer bundles, in fonuingthat ex* 
troiiady tough investment wliicl! 
the lower ends ot these steins pre- 
sent. New tibro-vasculiir hundles 
are Is’ing <‘outinually formed in 
the upjHM* part of tlu' stem, in con- 
tinuity with the lt*a\es which 
are suceessively ]»nt forth at its 
sumuiit; hut while these take part 
in tlu‘ elongation t>f the stem, 
they contribute but little to the 
increase' of its diameter. l^'or 
llmHO xvhieli are most recently formed onl\ paw into tlu* centre oi’ 
the stem during the higher }>art of their ei>urs(*, and usually make 
their way again to its exb'rior at no great diKtanee below; ami 
when once formed, they reei’ivo no further iulditions. It was from 
the idea formerly entertained that thestt sueeehsivelydonned 
bundles ilescend in the iuWriur of the stem tlihmgh its entire length 
until they reach the roots, and that the stem is thus eontinualh 
vm'iving ailditions to its interior, that tlu* term vmhufvnovs was 
given to this tyjH* of st^uu-strueture ; but from the faet just stab**! 
regarding the (‘nurse of the libro-vascular bundles, it is obvious 
that Hindi a doetrinc cannot be any longer admitti d. 

d67. In the Hleins of dirafiihiUninus Phanerogams, on the otlmr 
lumd, we find a metliod of arrangement (if the si'veral parts, w]ii<di 
imifit be n‘garded as the highest form of tlie de\eh»pment of the 
axis, being tliat in which the gi'ealest dijh n titioiioti exists* A 
distinct division is always seen in a transi crsi* .s«‘t*tion (Fig. 252) 
lietwwn thr<x‘ concentric areau—tbe pith, the iv<K>d, and the hnrJc ; 
the first (a) being central, the last (//) periplu‘nil, and these Irnving 
the wood interposed between them, its circle being made up of 
wedgo-shajxHl bundles {d, d), kept apart by the biuitls (r, c), that 
pass lieiwtHjn the pith and the bark,— The pith (Fig, 25^5. u) is 
almost invariably composed of cellular tissue only, wtoh usually 
premibi fiu transverse section) a hexagonal areolatkm. When 


Fig. 261. 



Portion of 'rmiisvt'rae Sortiou of 
Ktt'iu <»f lytiiHfUic (VoK. 
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riowly fonneil it has a p^emah hue, and ita colla are hlknl with 
Httid; but it Ki'iwinally dries-up and loaoH ita colour ; and not uu< 
frequently ita comxx)nent ^cells are 
torn apart !>}; the rapid growth of Ficj. 

their enveloi>f}, ho that irre|?ular cavi- 

ticH arc found in it ; or, if the stem 
should increase with extrmne raj[)i- 
dity, it lx*c<iineH Imllow, the pith 
la'ing reduced to fragnumts, which 
ar<‘ louud adlu'ring to its interior 
well. The i)ith is immediately sur- 
rounded by a d(‘licatA‘ membrane 
e<mKistmg almost entirely of sjaral 
V(‘s.sels, whicli is termed the tmuhiU 
hh'if shmth. 

obH. The ]>ortion of the 

stem (Fig. -ob, l>, h), is made U[) of 
Nvoo<ly fibres, usually with the addi- 
tion of »lm‘t>ol \ arious kinds ; tliese, 

Imwever. art* absent in om* large 
group, the or Fir tribe 

with its allies (Figs. in 

wliieb tin* woody libres art* of un- 
usually lurgt* tlianieit*!', and have the peculiar inarkiugH ulreadp^ 
«leseril»ed btil). In any sUmi or briiue-h of nmn* tlian one years 
g)'(»wth, tin’ Woody structure pre.sents a, more or lens distinct 



Piagnini t>f flu first fts'iiialitm 
<»f an Exogi'nuu Stem; — t/, 

A/>, Hark; c r, jilatew t»f cellulfiv 
tisKuc (Mi'diillor Hays) loft Ih - 
tNvtH'ii tho t\'oi)<ly BuiuHcs (i <f 



'rr.oi.svcr.*-*' *’•' c'tj’on of Sttun of - ft. i*itlu wood', bundl‘’s 

c, Cf r, medullary rays. 

ap}K*aran(‘e <>i divisitm into concentric rings, the number 
which varies witli the age of the tree (Fig. 2*>i). d’he c( 
id' the WJveral rings, which are the sectionH of so many ’ 
layers, is unifomily the same, however different their ' — 

blit the arrangenieut of the two principal elements -namely ♦ the 
wiKKly fibre and the ducts— varies in different Hpeeics : mo 
being sometimes almost uniformly diffused through the 
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layer, but iu other instances being confined to its inner part ; while 
in other oases, again, they are disj)er8od with a certain regular 
irregularity (if such an eicpression inay.be allowed), so as to give a 
tjunouflly-ngurod iippearance to the transverse section (Figs. 'Jo I, 
The general fact, however, is, that the dnets pr(‘(lomin}ite 


Fic;. 2.M. 


ers-‘ .Socti t)f St*'m of 

( liac’kthoi H ). hlmwai^ 
layt rs i>f Wood. 


I ’if., 2o.'>- 



I'ortu'ii <*t tlu^ suiiit'. hioi'i* 


liighlv ina^i^iiiiir.L 



towards the inner side of the ring (which is the part of it hi^t 
formed), and that the (»ufer portion of each lay(‘r is almost t xelu- 
sively coinposi'd of woody tissue : such an arraugemenl is nhowii iu 
Fig, 25:1. This altevudlioii of ducts and woody fibre* freijuenUy 
serves to mark the sucf'cssion of layens, when* as it is not itncom- 
mon, there is no very (listiuot line <»f separation between tlieni. 

The nunihf'r of layers is usually eousidered to l orrespond 
with that of thi* »luriug which tin* stem or liram h Ims hc-'U 

no doubt, generally tnu* iu regard to the tre^^^ 
•s, wliich thus ordinarily increase ]>y’ annual 
ho uu doubt, however, that such is not the 
that we should be more correct in stating that 
each layer indicates an vp>irh r/ ; wliieh, in tenipt'rate 
eUmates, is usually (hut not invariably) a year, imt wliicli is (Min- 
monly much less iu the case of trees flourishing in tropii.'al regiou"', 
T'hus among tin* latter it is very conum'ii to find tie- ieuvf*s regu- 
larly shed and rejilawl iiricr or even f}u'in> in u year, or /ir.* times 
in two yemrs ; and for every crop of leaves there will bo a eorre- 
g layer of wood. It sometimevS hapi>ens. even iu teni- 
dimates, that tm^s shod their leaves prematurely in const^ 
of continued drought, and tliat, if riiin then follow, a fresh 
crop of leaves api>ear8 in the same season ; and it cannot Im doubt^Hl 
that in sueh a year there would l>e rings of * " * 


growing ; and this n 
of temriemto climatt 
layers.^ d’here can 
universal ruh' ; and 
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which woiiM pwbably not together excoal the ordinary ^ta^lo layer 
in tliicknesH. That such a division may even occur as a conac' 
(|uence of an interruption to the processcH of vegetation produced 
by Hcaxonul chang»^s, — as by heat and drought in a tree that fUm- 
rfshey l^est in a cold damp atmosphere, or by a fall of temperature 
in a tree that requires hf‘at, —would app'ar from the fix'qttency 
^Yith vvhii'h a iioiihir or even a mnlfljtlc sueeession (d rings is found 
in transverso scetionK of wood to oecupy the jdue** of a siaf/?c one. 
'Phus in a section of Hazel stem (in ilu^ Author’s possession), of 
\\hieh a ])ortion is n'presented in Fig. ln'tween two layevH of 


Fio. ‘J 



a h c 


I'cainu 'I'ra Diverse , Section of Stisii of jia.rl, sho\vI)»^^, in tin* jKirfioii 
rt, f>. r, six narrow layorn of Wooil. 

thc'oidinnrv thiclvness tiiere intervenes a band wlioso breadth is 
altogi'ther h’ss tliun that of either oi them, uTid which is jet com- 
jn>sed of no fewer than six lay<'rs, four of tlnun (r) being very 
nanaov, and each of the other two (c, l>) ]>eing about as wide as 
these bnir together.- -The inner layers of wood, b( ing not only thf‘ 
oldest, blit the most Kolidifie<i by matters di'posibsl within their 
eomponent cells and vessels, are spoken of collectively under the 
desigiiiition (hinoiKii or * heart-wood.’ On llic other hand, it is 
tlinmgh ihe colls and ducts of tho outer and newer layers that tin- 
sap rises from tin* roots towards the leaves ; and these are conse- 
quent] \ <!csignute<i as n/Znoo/u///. (»r ‘ sap-wood.’ Tlie line of demar- 
rali<;n hetweeii the two is Hometimes very distinct, as in Ligninn-- 
vita- and Cocos wood ; and UvS a new layer is mlded every year t(» 
the cxti rior of the alburnum, an additional layer of the innermost 
j*art (d' tin- a.]l)nrmini is every year eonsolidaW by internal de- 
posit, and thus added to the exterior of the duramen. More 
gt-nerally. Inmever, this consolidaticm is gradually effoebid, and 
the aiburnnm and duramen are not separated by any abrupt line 
of division. 

. d70. ^J’he 'nmhdhtry raijs which ero.ss the successive rings of 
woo<l connecting the cellular substance c»f the pith with that <if the 
bark, ami ilividing each ring of wood into wedge-shaped segments, 
are thin plates of cellular tissue (Fig. 2oP», c, r), not usually ex- 
tending to any ^eat depth in the vertical direction. It if* not 
t>fteu, however, that their character can Ik? so clearly scon in a 
verse section as in the diagram just referred to ; lor they are 
ly compressed so closely as to appear flarker than the wedges 
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of woody ti««mc between whicli they intervene (Figs. 2 r>r>, 257 ) ; «^n(l 
Utoir reainfiture in bent understood by a comparison of lovgiitidi 


Fio. 257 . 



t'ortio?! of Trails vi-rso Sodimiof tho Stcia of ( iv/a/',— a, 
5, h, />, woody layers ; c, imrk. 


'SOcti<m.s uui^lo in two ditrcreiit ilirectioDs, —namely nulial ami 
Uiwjouilid , — with tlio tnuinverHe.^ Thna* .sudi seetious of a fossil 
Coniferous wood in the Author’s possossion are sliown in 

The stem was of such largo size, that, in so small a jiart 
of the area of its transv<*i*se 


Fui. 2r.H. section as is reprost'nted in 

Pig. 2. ‘>8, th(‘ niodnllarv 
rays seem to nm pamlle! 
to ouch other, instoa<l oi 
radiating from u <‘Oinmon 
centre. They ar<^ vVry 
narrow ; Init are so closely 
set together, that only two 
or three rows of woody 
fibres (no ducts being here 
jirescutl interv'cne be- 
tween any' pair of them. 
In the longitudinal section 
taken in a radial direction 
( Fig. 250 ), and consequently 
Iiassiug in the same coursi' 
wuth the meilullary rays, 
these arc seen as thin plates 
(a, o, ml made-np of super- 
^s©d C^l-s very much elongated, and crossing in a horizontal 
direction the woody fibres which lie parallel to one another vertically . 
And in the tangential section (PTg. 2<5U)i which passes a direction 
at right angles to that of the medullary rays, and therefore cuts 
them acrotSy we »ee that each of the plates thus formed has a. very 



Portion of Tmnsvrrsc Section of large Stem 
of jff'iawf (^fossil), showing part of 

two anmml layora, diviiiod at «, and tra- 
vewKftd by very thiu hut nuineraus Medullary 
lUy'ft, 
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Fio. m. 


Pro. 2r.(f. 



of Wi'tit'.il S« cfit»it *>f the MUnr* iion (tf tii(‘ nruno W()o<i 
tukru iii H iwiial <lin*< ti«»u, in a Un^(‘ntial <lj- 

iii^; On* ^L'ljitlulHr Woo.ly fihn-H, witliout rfotion, Hoaa to cut acro!»K 
1 >ut't s, )>y the s,n, n fJjij Mt’duJlury liays. 


iVom aKovti dowiiwanls, 
atj<l oonipoHotl oi no inon* than aiw 
Ihi<‘.km‘-SH oi liori/outui A 

of th(! stf‘Ui of iakoii in ilio 

sa Till’ di root ion as tlio last. (Fi^ 2<n),giv<'H 
a vaTV K^)od viow of tho cut <*10 ] h of the 
niediillary rayn, as Oicy pa^s between tlie 
woody fibres ; ainl they arc hccu to bo 
liert* of Honievvhut greater thickness, 
being composed of two t»r tlirce rows 
of cells, arranged side by Mde, 

371. 1*1 another b>sHiJ wo^od, whose 
transversti Hcction is shown in i’^ig. 2b2, 
and its tangential section in Fig, 2{>3, 
tlu^ medullary rays an* S4ieii to occujiy a 
much larger part of the substance of 
the stem : being shown in the transverse 
st^ction asbroa/i l>an<l« (an, a a) interven- 
ing between thcclos<dy-Het woody fibres, 
among which seme large ducts are 
scatteretl ; whilst in the tangential, 
they are observed to bcj not only deeper 
t^ian the preceding from above dpwn- 
%Vkrds, but also have a much greater 


Fkj. 26'1. 



Vertical Section oU^ihogan 
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Fig. 263. 
b b 



I Vi^rtical Sections of a Fossil Wood ; »bon - 


ing the separatioa of tbe Wocujly {>lates^ n a^aa, hy tbo very 
large Mtnlnllar}’ Rays, b 
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thlckBCBS. Tills section also gives an excelloul view of the Uucts 
b h />, wkich are hero plainly swn to be formed by the coalescence 
of large cylindrical cells, lying eud-to-end. — In another fossil wood 
in the Author 8 jHiftsessiou, the medullary Hay 8 constitute a still 
larger proportion of the stem ; for in the transverse section (Fig, 2dl), 
they are seen as vei*y broad bands (?>, h), alternating with plah^s of 
woody structure {a, ^i), whose thickness is often less than their own ; 
whilst in the tangential sceiiou (Fig. 205) the cut extremities of the 
medullary rays oiJcu])y a very largo part of ilu* area, liaving np- 
jiarently deb'cmiiied tin' sinuous course of the woody fibres ; iusU^ad 
of looking {m in Fig. as if they had forced their way between 
the wocxly tibn‘s, which tlnu’e hold a nearly straight and parallel 
course on eitlier sale of them.- Tlie iiicdullary rays maintain a 
connection hdween the external and the int<*,mu] parts of the 
cellular basis of the stem, which have been separated by the inter* 
I’lOsition of the wootl. 

il72. d'he Jotrh' may ])e usually found to consist of three principal 
layers: the (’xhTiial, or rjiipltlu thu, nUo tenned the KHhrrontf^ (or 
corky) la>(!r ; the middle, or mri^‘>i>}ihvuin, also tenned th(^ ci’lluhir 
*'nrfih>i>i ; ami the internal, or whiidi is more commonly 

known as tin* //Am*, d'lie tw(M)uter layers are (‘iitirely cellular: 
and an* ehi(‘fly distinguished by tin* form, si/e, and direction of 
their tndls. 'Phe rpi^tlda nui, is generally composed of one or more 
layers of colourless or brownish eells, whieii \iKually present u 
cubical or tabular form, and are arranged with tlnar long diameters 
in the horl/.ontiil dire<'tioii ; it is this vvliich. wh(*n developed to an 
unusual thickness, forms ror/r, asubsDiiicc wliich is]>y no means the 
product of one kind <jf trey* e.\clusivciy, but exists in gr(‘ater or less 
abundance in ilu* bark of «*vory exog(‘!ious stem. 'ITn; nivHnj^ihhnmn 
consists of cells, usually of green colour, prismatic in their form, 
and disposal with their long dianieters parallel 1 o the axis; it is 
moreloo.sely arranged than the [^receding, and contains intterccllular 
{>assag(a, which oftt‘n form a netw(>rk of canals that have been 
harmed latie.iferous vessels ; and, although usually less developal 
than the suberous hivers, it sometimes constitutes the chief thick- 
ness of the hark. The lib^r or ‘inner bark,’ on the other hand, 
usually contains woody fibre in addition to tbe ciHiilar tissue and 
laticiferons canals of the pre<‘(*ding ; and thus approaches more 
nearly in its character to the w*oody layers, with whten it is in close 
proximity on its inner siii’faa^ 'fhe * liber’ may generally be found 
to Ix^ made up of a succession of thin layers, ecpxalling in number 
those of the woal.the iiinei*mosi being the last formed; but no 
such HTiccession can be distinctly traced either in the celbdar en- 
velope or in the suberous layer, although it is certain iliat they t<>c> 
augment in thickness b)" additions to their interior, whilst their 
external {Kirtions are frequently thrown-off’ In the form of thickish 
tdaies, or detach themsidveH in smaller and thinner laminm.— 
llie bark is always sep^ated from the wood by the (:amhimn*laym\ 
fyliich is the part wherein all new growth tako.s place : this seems to 
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(^ousiRt <jf irmcilaginoTiH semi-fluid matter; Lut it is r<?ally inade-u]» 
of cells f»f a very delicate texture, which gradually undergo trans- 
formation, whereby they are for the most j'»art conv('rted into 
woody fibres, ducts, spiral vessels, <.tc. These materials are so 
arranged as to agument the fibi*o-vawc»ilar bundh's of the wcK>d on 
their external surface, thus forming a now layer of ‘ alb>imuin,’ which 
f>nr1iyfir» all those that preceded it; wliilst they also form anew 
layer of ‘liber,’ on the iitivriar of all thos<‘ whicli ]»receded it: they 
also extend the mednllary rays, which still maintain a continuous 
connection between the jutli and the bark ; anrl a jx^rtion remains 
unconverted, so as always to keep apart the li]>cr and tlie allmrnum. 

'I’liis type of Ktem-striicture is t inned » . uy. ; a designation 
which uppli(^s very com'ctly to tie* mode ot increase of the woo<ly 
layers, although (as just shown) tlu^ lilun* is ionned upon a tnily 
endogenons plan. 

I»7b. Numerous dc])artu res from the normal tyj>e are found in 
particular trilws of Dicotyledons, T’hu.s in some the wood is not 
marked by coueentric circles, tlieir growth Tjot bring interrupted 

by any K(‘asonal rbange. In 
other castjs, again, <'aeb woody 
zone is H<‘parnted Irom t)ie next 
by tin* itit< r]*ositi<jri of a thick 
layer of cellular hubstance. 
Soinetiuu's wood is formed in the 
bark (as in so that 

se\eral woody columns are pro- 
duced, which are (piite indepen- 
<leut of the principal woody axis, 
liut cluster around it. Occa- 
sivuially tlie woody stem is di- 
vided into distinct segments )»y 
tlie peculiar thickness of certain 
of the medullary rays; and in 
the stem of which Kig. 2()d re- 
presents a t^un.'^verHc section, 
these cellular plates form four 
large segments. dis])OHed iu the 

Tnoihvcm' sivtioa of tiio Kt-m of a mtuiner of a Maltese cross, and 
cUmhiiig-plaut {Ariaixtihiiin from Ntov alternating wdth the four wockIj 
/ etUftiuU segments, whicdi they e(pml in 

size. 

♦174. The Exogenous stem, like the (so-eallod) Kndogenon.% con- 
sists, iu its lirst-develojH'd state, of cellular ti.ssue only ; but after 
the leaves have b^n actively performing their functions for a short 
time, W6 find a circle of fibro-vascular bundles, as represented in 
Fig. 25:2. interposed between the central (or medullary} and the 
j)eTipheral (or cortical) jiortions of the cellular matrix ; these fibro- 
yaactilar bundles being tbemselvea separated from each other by 
pbites of cellular tissue, which still remain to contiect the central 
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and ihv j>eri|vberal pruiions of that matrix. TIoh hrbt stago in thc' 
for aiation of the Exogenous axis, in which its ]>rineipal parts — the 
pith, wood, bark, and medullary rays — an* 
marked-ont, is seen even in the stems oi' 
herbnceons Plants, which are destined to 
die down at the (‘nd of the season (Fig. 

*2d7) ; and seetions (»f those, which are verv 
easil} ]n*e})iir<*d, are most interesting 
(*rosc(>])ic objects. In such stems, the dif- 
tVr(’iice betwi'cn the Endogenous and the 
Exogeiiou.s typos is manifested in little else 
than th{‘ disposilion of the tihro- vascular 
layers; which arc seait<5red Ihrongh mairl^ 
tlni wliolc of tlic cellular matrix (although 
mon‘ abumlani towards its exterior) in the 
foriiHT ease; hnt an* limited to a circle 
within tin* peripheral jjortion of the cellular 
lissm‘ in the latter. It is in tin* further 
develoj.mcnt wliieh takes place daring stn*- 
eeeding years in tlie woody stems of ])crcn- 
nial Fxogcns. that those characters are di.s- 
[dayed, which s<*parate them m<»st com- 
pletely fn*m the Ferns and their allh^.s. 
wlufse .st'‘n\s contain a cylindrical layer of 
tibro-vas( ular hnndb'S, as well ns front 
(so-ealletl) ihidogens. For whilst tin* 
lihro-vaK< ular layers cd the when 

n<j further increase, those of Exogenous stems are prog'n'Hsivc^y 
angmciit(‘d {»n tln*ir outer side by the inetamorjdiosis of the cam- 
hiiini-layer ; so that each of the bundles which ornn* lay as a mere 
series of parallel cords beneath the cellular investment of a tirst- 
veaFa stem, may become in time th(^ small <md of a wedge-shafKjd 
inasH of w(»od, extending continuously from th(* centre tf) the extf^rior 
of a trunk of several feet in dianteler, and becojiiing progreHsively 
thicker as it ])as.sos upwards, 'i’he Hhro-vascular bmnJleH of Exo- 
gens are therefore spoken of as ‘ indefinile whilst those of 
Fhnlogens arni Acrogens (Ferns, <tc.) arc said to be ‘definite 'or 
* closed.’ 



i’lO’liirll 

wi-iinii ef Jrctium {d 
(Ifwli), sljow irig one of i 
Fibre. vuscv\I;»r baatllt'W 

llijif lie.H b •iicatH the cel- 
lular iulegumeiit. 

(mce foruRHl, undergo 


:\7o. llie structure of the of Flndogens and E.\’ogeus is 

essentially the same in plan with that of their rcK|w^ctive 
(Generally speaking, hrmever, tlie roots of Exogcins have no pith, 
although they have mcrtlullary rays; and the Hncc(?ssion of distinct 
rings is less apparent in them, than it is in the stems from whioh 
they diverge. In the delicatrC radical filaments wliich ]jroceed from 
the larger root-fibres, a central bundle of vessels will be seen, en- 
veloped in a sheath of cellular substance ; and this investment also 
covers-in the end of the fibril, xvhich i.s usually somewhat dilated, 
and comxKjsed of peculiarly succulent tis.sue, forming what is termed 
the ftpoiyjioU, TFie structure of the radical filaments mav be well 
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studied in the common Buclmepd^ every floating leaf of which has 
a single fibril hanging down from its lower surface. 

37£ The structure of Stems and Roots cannot be thoroughly 
examined in any other way, than by making sections in difierent 
directions with the Microtome. The general instructions already 
given (§ 184) leave little to be added respecting tliis 8|>ecial class 
of objects; tlie chief ]>ointH bj he attended to being the pre- 
jmration of the Sterns, Ac., for slicing, the sharpness of the knife 
and the dexterity with whi(di it is ]iandie<l, and the method of 
mounting the sections wdu.*u made, 'fhe wood, if green, should first 
b© Boaked in strong alcohol for a few days, bj gc‘t rid of the resinous 
matter; and it sliould then be ma<;erated in water for some days 
longer, for the reinoval of its gum, before being submitted to tin* 
cutting-process. If the w<u)d be dry, it should first be softened 
soaking for a sufiicient ii'ugth of time in water, and then treated 
Avith sjiint, ami afbu'wartls with Avater, likt? green wood. Some 
woods are ho little afiected even }>y prolonged maceration, tliat 
iKiiling in water is necessary to bring them to tins degree of softness 
requisite for making sections. No Avood that has once been dry, 
however, yields such good sections as that whitdi is cut frosli. 
When a piece, of the a])pro}>nato length, has bctni iilaced in the 
gnisp of the Sect ioii-instniment (wedges of deal or other soft wood 
lieing forced‘iu with it, if necessary h>r its tinn fixation), a few thick 
slices should first, lx; taken, to reduce it.s surface to an exact level; 
the surface should then be W(ilb*d with sjiirit, the Micrometer- 
screw moved thnaigh a small j)art of a revolution, and the slice 
taken ofl’ with the razor, the motion given to which should partake 
Ixitli of dnurimj a.iul 'punhui'i. A bttle practice will soon enable the 
operabir b) discover, in each case, h<tw thui he may venture bi cut 
his sections without- a breach of continuity ; and the Micrometer- 
screw should he turned so as b) give the required elevation, if tlie sur- 
face of the wood has be(*n .sufficiently wetted, the section wall not 
€url-U}> in cutting, but w ill adhere to the surface of the razor, from 
which it is best debiched by dipping the razor in wab*r so as b) 
float away the slice of w'ood, a camel-liair pencil lM*ing used b) push 
it off, if ne«u„^Hsary, All the sections that may lx* found sufficiently 
thin and perbvt, sliould be j)ut aside in a bottle of weak H])irit 
until they be mounted. For the minute exiuninatiou of their stme- 
tnre, they may be mounted either in weak spirit or in glycerine 
jelly. Where a inero general view only is needed, dry-mounting 
answers the j)u rpo.se sufficiently well ; and there arc many stems, 
such as the Clem ads, of which transverse sections rather thicker than 
ordinary make very Wautiful opaqyp objects, when mounted diy on 
a black ground. Canada Balsam should not be had recourse to, 
except in the case of very opaque sections, as it usually makes the 
atmeture too transparent. Tninsverse sections, however, when 
slightly charred by heating between two plates of glass until they 
turn brown, may be mounted with advantage in Canada balsam, 
and are then veiy showy specimens for the Gas-Microscope, The 
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niiiBl)er of beautiful aud interesting objects which may l>o thus 
obtained from even the commonest 'rroes, Shrubs, and horbaceotis 
Plants, at tlie coat of a very small amount of trouble, can Rcaroely 
be conceived save by ihost; who have specially atttmdod to tlioso 
wonderful structures. And a careful study of sections made in 
different parts ol the shun, e.speeially in the noi^hljourhood of 
the ‘ growing point,’ will rovenl to the eye of the Physiologist some 
of the most important j>h(*iiomena of vegetation. The judicious 
nse of the slnnilufj prorr-w {§Ji 200-120*1) not only improves the 
ii])pearan(*o ol suoii Heefitui'!, hut adtls greatly to their scientific 
value.” - Wood,-,, wlu n wi'l) preserv<Ml, are generally 
{ind can only he etit an<l pollsh'‘d hy a lapidary's whetd. fehonld the 
>fiero.s(' 0 ])ist he fortmiate einnigh to meet witli a portion of a cah 
rifl' d stem in whieli the urgaiiie .structure, is pn‘Hervx*d, he should 
proe<‘ed witli it after the rimnner of other liard suhstaucoa which 
need to lx* reduced hy griiHling 102-104)- 
077. EididmaU <i>id Lr.tvs. Oji all the soficr parts of the 
higlu'r plants, sa.ve sueli as grow un<ler water, we find a surface- 
layer, differing in its texture irdm the parencliyma heufjath, and 
<‘on-:tilutiiJg a di.'tinet meml>rane, known as t)ie A’po/'uvuiV.* This 


Vi'i. IMS. 


Fm. 



Pjadtfrm of Li-jif of Yucca. Kpiderin of Lruf of Indian 

Corn (Ze» Mais). 

membrane is composcxl of cells, the walls of wliicli are fiaibmed al>ove 
and below, whilst they adhere closely to each other laterally, so as 


* This term, borrowed from Animal struotiire, ib singularly innppropriato in 
Botany : siuce it projy*rly d«»8iguates a layer lying upon th«" d<rm or tnao skin : 
and the Writer wuntl have therefore jmjft'rrt d to retain tli« old term ‘Cuticle,* 
it not that this is now applied by the higheBt authorities totbe tbia 
pellicle covering the Kp^derm (§ 3Sl). 
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tu form a coaiinuoiis stratum (Figs. 272, 274, a), Thoir sliape 

is different in almost every tribe of plants ; thus in the epidemi of 
the Ynmi (Fig, 2<i8), Indian Corn (I'ig. 269), Iris (Fig. 270), ami 

Fio. 270. 



ft 


I'urtion of i'lpult'rm of inf«*rjor surfac»* of Loaf Apnlf\ wifli 
layer of parcnchytua ui nnunMiiat*! rontaci with it: — a, a. 
filongated eells <»v.‘rlyit»{^ t he vt ius of tiu* leaf ; ?>, h, ordintu’y e) »i- 
«Ierm ccIIh, overlyinj' tin; j):ir» n<'hynia ; c, c, titomata ; d, </, 
eollw of th«* parc'iicbyina, foniiiu*!; a very open lictAvork near 
the Itiwor surfaeo of tho leaf. 

most Oilier Mono(*otyl(HloiiH, tlie cells are elongat'd, nml pre^^ent 
an approach to a rcctungular contour ; their niurgiiis being straight 
in the Yucca, and Iris, but nuuutely siumuis or creuated in the 
Indian Corn. In Mlo^t Dicotyledoins, on the other liau'l, the (*ells 
of the qndenn drjiart less from the I'onu of circular disks ; but their 
margins usuallv exhibit large irn'gular Hianositics, so that they 
seem to fit tt‘gether like the pieces of a dissecU'd ma}), as is seen in 
the epid<M’m of tin* 4ppi<' (Fig. 270. /».//). Fven here, however, the 
cells of that portion of the ei>iderm (o, a) which overlies the ‘ vidns' 
of the leaf, have an elongated form, approaching that (d the woml- 
t'clls of which tluse veins are chicUy composed ; and it nccius likely, 
therefore, that tin? elongation of tlie ordinary epidcnn-cells of 
MonocotyKnlons has reference t.) that parallel arrangement of the 
veins which their h'aves almost constautly exhibit. 

d7H. The cells of the e]»iderm arc colourless, or nearly so. having 
no chlorophyll in their interior; and their w^alls are generally 
thickemxl by sei’omhiry dej^osit, esjxjcialiy on the side nearest the 
atmoaphsm*. This dep<»sit is of a waxy nature, and consequently 
w#ndor$ the membrauo very inipermoabto to fluids, so as to protect 
the soft tissue of the leaf from drying up. In most Kttro|>eaii 
plants the epiderm contains but a single row of cells, which, more- 
over, are usually tliin-sided ; whilst in the generality of tax>pitia} 
«, there exist two, three, or even four layers of thick-eided celln 
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tills lost uumiior iieing seen iu tli© (ileaiid$r, tke epitlenn of which, 
when »e|mrate<i, iuis au almost leathery firmness. This difomuHr 
in contorwiaiiou is obviously adapted to the conditions of grtiwth 
under which these ])lantH respectively exist; since the epiderm of u 
plant indigenous to tciuperute climates, would not afford a sufficient 
protection to the interior structure against the rays of a tropical 
sun ; whilst the less jam erf ul heat of this c<)untry would scared v 
overcome the vcsiKtancc presen toil by the dimsearul nou-cimductifig 
tcgunu'ut of a species formetl io exist in tro]>i(‘al elimates. 

I'Ui. t>7l. 

A B 



l\)Ui 'U •'!' uf uj)i*'*r surfiK'c of leaf of iitn'Uin 

liilcdta, f"' > u ui \ fntiii its iimi i* ujul ;it a froiii its 

• niter s!'!'* . — ff, Uy Mii.’ill c<>Um foiminjr niiicr layer; /», A, large 
prominent ivlis ef outer )a\er, c, <, sUtjiiaUi<lisp(»h<'(l bc*tvve< n 
the latter. 

:>7‘A. A \ CI V <‘itrions nKulific.atioJi of tli(i epiderm is pn^sented hy 
the /lof/e a p;/ca/'o, whieli has the surfact? of its (^nlimtry e]>idevni 
(Figs. *271. 272. a, //) nearly 

4‘,overe<l with a layer of large 1A<. 27i. 

juoniiueiit isolated eeljs. 

//, //. A somewhat similar 
struetun* is iouiid in tin* 

inlllin'in, commordy kiiowm 
as the lce-}daTit; u tl(‘signa- 
tion it ow’es to the }»eculiar 
appearam’o of its ^^;ri’ae^^ 
which looks as it it were 
eovmsi with fro/.rn dew- 



drt)pH. 1 u other instances. I’ortion of Vertieal Sertiouf^i h afof IhKhaf. 
the epiderra is partially in- sliowiug the smaU relis, n. «, of the ims r 
vested by a lavor ..f xwb *. I»>vr of Kpid-mih ; th,- largo .•.•IIm, />. 6, (,f llo- 

which are notlungelKO than hj-ma , rarity littav..,.,. 

nattened cells, Oit(*n having tJn* pArenchyiuatons eellK, into %yhich the 
a very peculiar form *, whilst stoma, opeus.’ 


in numerous cases, again, 

we find the surface beset with han'Sy which oc(*asionally consist 


of single elongatf^l cells, but are more coiniuonly made up of a 
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to end^ as hd £%^ R4^* ihoso 

ka^ few little glandular bodies at tiieir estt^iiiilaes, by the 
»ec«eiiion of which a peculiar viscidity is given^ to the sumoe of 
yie leaf» a« the Sundew (DroB&ra ) ; in other fiances, ^ hair 
has a glandular body at its base, with whose secretion it is moistened* 
so that when this secretion is of an irritating quality, as in the 
Kdfl&t it constitutes a ‘ sting/ A great variety of such organs 
may be found, by a microscopic examination of the surface of the 
leaves of plants having any kind of superficial investment to the 
epidorm. Many connecting links present themselves between hairs 
and scales, such as the stellate hairs of the Bmfzia scahra, which a 
good deal resemble those within the air-chambers of tbc Yellow 
Watorlily (Fig. 2;18). 

380. Ine Epidermis in many plants, especially those belonging 
to the Gra8S tribe, has its cell-walls impregnated with silex, like 
that of the Eqnisetum (§ 345); so that when -the organic matter 
seems to have been got rid-of by heat or by acids, the forms of the 
cuticle-cells, hairs, stomata, &c., are still markcd-out in silex, and 
(unless the dissipation of the organic matter has been most per- 
fectly accomplished) are most beantifully displayed by Polanzed 
lijfht. Such silicified cjndcrms are found in the husks of the grains 
yielded by these plants : and there is none in which a larger pro- 
portion of mineral matter exists, than that of lilcCy which contains 
some curious elongated colls with toothed margins. The hairs with 
which the ptdeo? (chaft-scalos) of most CIrasses are furnished, are 
strengthened by the lik(^ siliceous deposit ; and in the Fcefucti 
pmtensis, one of the common meadow-grasses, the paleio are also 
beset with lougitudinai rows of little cup-liko bodies formed of 
8ilio4i. The epi<lcriii and scaly hairs of Uruhin scahra also contain 
a largo (pianlity of silex; and arc remarkably beautiful objects for 
the Polari8co[\e. 

1^1. Externally to the epidermis there usually exists a very 
delicate transjmrent ‘ cuticle,' showing no decided traces of organi- 
zation, though occasionally somewJiat granular in appearance, and 
marked by Jinea that seem to be impressions of the junctions of 
the cells with which it was in contact. WJien detached by macera- 
tion, it not only comes off from the surface of the epiderm, but also 
from that of the hairs, which this may bear. This membrane 
is obviously formed by the agency of the epidermic cells ; audit 
seems to consist of the external layers of their thickened cellulose 
walle, which have coalesced with e^ich other, and have separated 
themselves from the subjacent layers. 

382. In nearly all plants which possess a distinct epidermis, this 
is perforated by the minute openings termed stomata (Figs. 270-272, 
c, c) ; which are bordered by cells of a peculiar form, distinct from 
those of the epidermis, and more resemlding in character those of 
the tissue beneath, TTiese boundary-cells are usually somewhat 
kidney-shapod, and lie in pairs (Fig. 273, b, b), with an oval opening 
Wtween them ; but by an alteration in their form, the opening may 
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U contracted or neaiiy closed. In the opiderm Tueoa, liowcver* 
tJiiC opei^g is bounded by two pairs ol cells, and is somewbat 
^uadraiitfuiar (Fig* ^68) ; 
aud a like doubling ol the Fio. 27S. 


bouudaiT^celiB, with a nar- 
rower sBt between them, is 
seen in the epiderm of the 
India n corn 209). In 
th() btomata of no Phano- 
rogam, however, do we meet 
witli any conformation at all 
to l>e coiupare^l in complexity 
with tlmt which has been dc- 
Moribed in tlic humble Mar- 
chiiiitla (§3)12). Storaatji are 
usually lonnd moht abun- 
dantly (and sometimes exclu- 
sively) in the epitlerm of tlie 
hmer snrfai’cs of leave-;. 



whore they open iiit/) fheair- 
chuml>(‘rs tliat are lelt iu t!i<* 
parenchyma wliieli lies next 
tlio inf(*rior epiderm ; in 
leaves which float on the 
siirtucc (>i water, however, 
they are loiind in the epiderm 
t)f the ujmer surface only; 
whilst in icHves that habit u- 


Ptjrtum of K}»i(lurmiK of benf of /W. 
f/n'watuKi, torn from itHsmfficc, and oarr^- 
joj^ u\v.i\ a all it a portion {)f tho pansuoby- 
iniitou-i liyor in ininn'diaU* contact; with 
u o, ff, dlonfcitcfl rflls of the cuticle; 
b,f>, «M*lh of tho Btoinatii; c, r, colls of th(' 
piui iK*h\ina; d, d, unprchhiotis on the 
epohiniu' < oils fonru'd by tlioir contact ; 

(, civitic't in the j*ar(‘nclj\nui, corro- 
8j>ondinj' to thi' oOnnatu. 


'ally live entirely subiner^cd, as there is no di>linciopidcrin, so thorn 
are no stomatn. In 1h(‘ erect Ic.ivc-j of firassrs, the iris tribe, &o.. 


they are iouud etpially (or nearly so) on both Kurlaces. As ageiioral 
tiu‘t. tlnw arc least numerous in rnrruh’ni plants, whoso moisture, 


tibtained in a scanty suj)i>ly, is destined to be retained in the sys- 
tem ; whilst they abound most in those whicli exhale fluid most 
readily, and therefore absorb it most tiulckly. It has l>e<in esti- 
iiiab'd that no fewer than lbO,0(H) are contained in every sipiare inch 
of the under .'surface of the hjavesof Iltjdraiajca ami ol several other 
plants; the greatest miniber si'omiuir always to be ])n‘sent where 
theupjier surtace of the leaves is entirely destilnti' of these organs. 
In Iria <jcruauilt'i\ each surface has nearly 12,(MfO stomata in every 
s(|uan* inch; and in Ytirra, each surlace has —In ()leaudof\ 

JkfukHhf, ami some other plants, the stomata do not ooen directly 
upon the lower surface of the epiderm, but lie in the aeopost part 
of little pits or depressions, wliich are excavated in it and lined 
with hairs ; the mouths of these pits, with the hairs tliat line them, 
are well bronght into view by taking a thin slice from the surface 
of the epiderm with a sharp knife ; but the form of the cavities and 
the position of the stomata can only bo well made-out iu vortical 
sections of the leaves. 
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383. The intenial structure of leaves is best brought into view 
by making vertical sections, that shall traverse the two layers ol 
epiderm and the intermediate cellular parenchyma; portions ol 
such sections are shown in Figs. 272, 274, and 275. In dost 

apposition with the cell*- 
Via. 274. of. the upper epiderm 

(Fig. 274, a, a), whicli 
may or may not be per- 
forated with stoniatu 
{c,c, d,d) we find a layei 
of soft thin-walled cells, 
containing a large quan- 
tity of chlorophyll ; 
these generally press se 
closely one against 
another, that their sides 
become mutually llat- 



V©rt)<ial Hoctioii (tf and of portion toned, and no spaces arc 

of fmbjaoent jMin'ucliyuni, of Loaf of IrU (/er- left, savo where there 
m&uica^ taki^u in a trH ns verso direction; — <r, is a definite air-chamher 

“G''" into which the stoma 
sUunata c, small green colls plactui witlim , zi-,- \ i 

tlw&e; d, <jt, opeuin^rs of the stomata ; c, c, cavitiCsS ^pcns ( r ig. Z74, C) ; and 
in thn imronchyina into which the stomata open; the compactness Of this 
/,/, cells of t}>o parenchynnt. supeiiicial layer is w^elJ 

seen, when, as often 
hap)>eiis, it adheres so closely to the epiderm, as' to be carried 
uwa3& when it is tom off (Fig. 273, c, c). Beneath this 

first layer of loaf-cells, there are usually several others ratliev 
less compactly arranged ; and the tissue gradually becomes more 
and more lax, its cells not being in close apposition, and large 
intercellular passages being left amongst them, until wm reach the 
lower epiderm, which the parenchyma only touches at certain points, 
its lowest layer forming a set of network (Fig. 270, d, d) with large 
interspaces, into which the stomata open, it is to this an*aiigc' 
ment that the darker shade of green almost invariably presented 
hr the superior surfaces of leaves is principally due ; the colour oi 
the component cells of the parenchyma not being deeper in ont 
pait; of leaf than in another. — In those plants, however, wdiosi 
maves are erect instead of being horizontal, so that their two siu*- 
face® are e<pially exposed to li^t, the parenchyma is arranged oii 
both sides in the same manner, and their epiderm s are furnished 
with an equal number of stomata. This is the case, for example, 
with the leaves of the common garden Iris (Fig. 275) ; in which, 
moreover, we find a central portion (d, d) formed hy thick- wallo^l 
colourless fissue. very different either from ordinary leai'-cells 
or from wooily fibre. The explanation of its presence is tt> be 
found in the peculiar conformation of the leaves ; for if we pull 
one of them from its origin, we shall find that what appears to l>e 
the fiat exmuded blade really exrvoses but half its surface ; tlie 




J\ijrth)u (if V(*rticRl luiifriimiiual of Loaf of ox- 

tending from otto r»f it« flatt^tncd «idt*a to the other: — »*, 
olougated cells of K}»i(lerni ; b, stomata cut through lougi- 
tudiiuilly; c, green cells of jMironchymn ; d, <f, colourh’ss 
occupying interior of leaf. 

lire comuioiily Heparated by a new leaf which cumes-np l^etw’eeu 
them ; and it is from this arrangomeut, which resombles the 
tion of the legs of a man on horsebaek, that the leaves of the iris 
tribe are said to ])e Now by tracing the middle layer of 

colourless cedis, tL (h down to that lower portion of the leaf where 
its two halves diverge from one another, we find that it there 
becomes contimions with the epiderm, to the cells of which 
(Fig. 275, (f) these Ijear a strong resemblance in every respect save 
tile greater proportion of their breadth to their length. — Another 
interesting variety in leaf-.structure is presented by the Waim'-LLly 
and other Flauts whose loaves float on the surface ; for here 
the usual arrangement is entirely reversed, the closely-set layers of 
green leaf-ceils bfdng found in contact with the lower surface, 
wliilst all the upper part of the leaf is occupied by a loose spongy 
parenchyma, containing a very large number of air-spaces that 
give buoyancy to the leaf ; and these spaces communicate with the 
external air through the numerous stomata, which, contrary to ih<* 
general rule (§ 1)82), are here found in the upper epiderm alone.^ 
^184. The examination of the foregoing structures is attended 
with very little dilfi(ailty. Many cpidernis may torn off', by the 
exercise of a little dexterity, from the surfaces of the leaves they 
invest, without any preparation : this is especially the case with 
Monocotyledons generally, the veins of whoso loaves mu parallel, 
and with such Dicotyledons as have very little woody structure 
in their leaves; in those, on the other hand, whose leaves are 

• Sec the clRK«ic.n] M«*moir by Ad. Biongiiinrt o« the Stnicturc of 
in "Ana. des Xnt-,' Tom. xxi. (ISBO), pi>. 420- 15M. 
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fotnished witii reticulated veme to whicH the epidenu adheres (at 
is tho case m by itr the larcer proportion), this can only Ik 
detished by first macerating the leaf for a few days in water ; 
and if thexr texture should be particularly firm, the addition of £ 
few drops of nitric acid to the water will render their cuticles xnor« 
eat^y separable* Epiderms may be advantageously mounted eitiiei 
in weak spirit, or in glycerine-jelly .'--Very good sections of mos1 
leaves may be made by a shari^ knife, handled by a careful mam- 
pulator ; but it is gouerally preferable to use the Microtome, placing 
the leaf between two pieces cither of very soft cork or of elaer-piti 
or cairot, or imbedding it in paraffine (§ 189). In order to studj 
the structure of leaves with the fulness that is needed for scientific 
research, numerous sections should be made in different directions ; 
and slices taken parallel to tbe surfaces, at different distances from 
them, should also be examined. There is no knowm medium in 
which siicli sections can be preserv^ed altogether without change ; 
but some one of the methods fonncrly described (§ 200) will 
generally be found to answer sufficiently well. 

385. Flowers . — Many small flowers, wlion looked-at entire witli 
a low magnifying jxiwer, are very striking Microscopic objects; 
and the interest of the young in such observations can scarcely be 
better excited, than by directing their attention to the new view 
they thus acquire of the ‘ composite’ nature of the humble down- 
trodden llaistj, or to the beauty of the minute filossoms of many 
of those XhnhelVf crons Plants which are commonly regarded only 
iis rank weeds. Tlic Scientitic Microscopist, however, looks more 
to the organization of the scf>arate parts of the flower ; and among 
these he finds abundant *sourcoH of gratification, not merely to his 
love <jf kuowh'dge, hut also to his tasie for the beautiful. The 
general stnicturo of the s<ynh and petaU\ whi<;h constitute the 

‘ perianth’ or floral enve- 
lope, closely corresponds 
with that of leaves ; the 
(diief difference lying in 
the peculiar change of hue 
wliich the chlorophyll al- 
most invariably nnaergoes 
in the latter class of organs, 
and very frequently in the 
former also. 'There are some 
petals, liow'ev'cr, whose cells 
exhibit very iuteresting 
peculiarities, either of form 
or marking, in addition to 
their distinctive coloration;* 
such are those of the Om?- 
nitim (Pelargonium), of 

• See Mr. Tuffeu West ‘ On some Conditions of the ( ’^11- Wall in the 

Petals of Flowers,' in ** Quart. Jourin of Miciosc. Science,'’ Voh \'il (1859), p, 22, 


Fig. 27d. 



evils from IVtal of Cj-rnuimti 
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wkich a small portion is ropre»ontf‘d in Fig. 270. The Oifforont 
poirUons of iMa petal — when it has heen dried after stripping it of 
itsepidem, immersed for an hour or two in oil of turpentine, and 
then mounted in Oana^ bal8am-~exhibit a most iKjautiful variety 
of vivid coloration, which is seen to exist chiedy in the i^chened 
partitions of the cells ; whilst the surface of each cell presents a 
very curious opaque spot with numerous diverging prolongations. 
This method of preparation, however, does not give a true idea of 
the structure of the cells; for each of them has a jwiculiar mam- 
millary protuberance, the base of which is surrounded by hairs ; 
and this it is which gives the velvety appearance to the suriace of 
the petal, ami wliicn, when altered by drying and compression, 
occasions the peculiar spots represented in Fig. 27(). 'J'fieir nml 
character may be brought into view by Dr. Inman's mothml; 
which consists in <lryiiig the petal (when strippfnl of its epiderui) 
on a slip of glass, to which it mlhercs, and then placing on it a 
little Canada balsam diluted with Turpentine, which is to be 
boiled for an insUuit ovt?r tlu^ spirit-lamp, after which it i« to be 
covered with a tliiii glass. The boiling ‘ blisters’ it, but does not 
remove the colour ; and on examination many of the <;ells will be 
found showing the mammilla very distinctly, with a si‘ore of hairs 
surrounding its base, each of these slightly curved, and pointing 
towards tlic apex of the mammilla. — The petal of the common 
Scarlet l^imperucl (deUf/u/bsnnvw/s/K), that of the c,ommon Cliick- 
weed {Stell(iriu npulio), t,og<*ther witli many others of a small and 
delicate chanuder, are also very Ix^autiful microscopic objects; 
and the two just named arc peculiarly favourable subjects for 
the examination of the Hj)iral veBK(-ls in their natural position. 
For the ‘ vijius’ which t raverse these petals an' entirely made-up 
of spiral vcwhcIh, none of which individually attain any great, 
kmgtli ; but one bdlows or takes the place of another, the lumical 
commenceiuent of each soniewhat ovcrlapjnngthe like termination 
of its pretlecesBor ; and where the ‘ veins’ stami to branch, this 
does not hap})eai by the bibircation of a spiral vessel, but by the 
• splicing-on’ (so to speak) <;f one to the siile of another, or of two 
new vessels diverging from one another to the end of that which 
fonned the j>rincii)al vein. 

The auih^'rt^ and polhm-gmlnf*, also, presont numerous objtx^ts 
of great interest, both to the scientific Ikdanist and to the amateur 
Microscopist, In the first jilace, they aftbrd a good opportunity 
of studying that form of ‘free’ ccli-dcvclopmont which seems 
jieculiar U) the j>arts concerned in the reproductive jirocess, and 
wliich consists ui the development of a new cell-wall round an 
isolated mass of prokiplasm forming part of the conten^ of a 
‘ parent-cell so that the new cell lies free within its cavity, iusteail 
of being forme<l by its subdivision, as in the ordinary methwl of 
multiplication {§ 22G). — If the anther be examined by tliin sections 
at an early stage of its development within the young flower-ljud, 
it will be found to be mado up of ordinary cellular jmrenchyma 
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in wliicb no peculiarity anywhere i-hows it^ell : but a gi’atlua! 

* flifforentiatiou’ Hpeedify takcH-place, conHiHtin^ in the develop* 
nient of a «et of very larfj^e cells in two vertical hjwh, which occupy 
the place of the or ‘polIen-chainhcrH’ that afterwards prcHeni 
theniflelvcH ; and these cells give origin to the pollen-grains, whilst 
the ordinary jairenchyma remains to form the walls of the polleii- 
cbanilnjrs, "'I'lie ])olIen-grainH are fonn<*d within ‘ in other-cells/ 
the endtJphiHin of each hr(*Mlvi«g np into four Kcgmeuts. Thes<‘ 
iK'Coiue iuvesP'tl by a double envelo[>e, a Hrm f and a thin 
itifhn‘: and they are sot free, vhen niature, by llie bursting of the 
pollen-chambcrH. It is not a Hi tic curious that the layer of cells 
which lines the pollru-chanibcrs should <'xhibit. in a cnusah'rnblc 
proj'Kirtion of planl^, a strong resemblance in strnctuve. though ii(»1 
mfoTin, to the clat ers of Mnrrh>f,i.fli( (Fig. ‘ilM}. For they have in 
their inbTi<»r a fibrous deposit; which s<uuetunos forms a eemti- 
nuous spiral (hive that in Fig. 241), as in Xarcissus and llyoHcy- 
ainus; but it is often broken-up, as it w<‘rc, into rings, as in Ifa* Iris 
and Jlyucintli ; In luany instances tonus an im'gular network, as 
in the \’ioh»t ami S;ixifrage; in other eas(»s, again. 1V)rnis a set of 
iuterntpb'd ai'i'hes, the fibres being dotiei(*nt on f>ne side. ;is in the 
Yellow Wab'r-hly. Hryony, Frimros(‘, Ac.; whilst a ven peculiar 
stellate aspect is often given to tlu*se c<'lls, by tin* convergeiiec of 
the interrupted fibres towards one ])oint of the cell-wall, as in the 
(.laetus, (loraninm, .Madder, and many «>thcr well-known ]>lants, 
Viirious interimsliatc moditicatious exist ; and the ]>articnlar form 
presented often vanes in difhTcml parts of llie wall of one and the 
same antluT. It seems probable that, as in llepatica\ the elas- 
ticity of these spiral eells may have sonn* sliare in the ojs'uing of 
the prdlon-eliambcrs and in tin* dis]>ersinu of the pollen-grains. 

A87. hlie tbrm of tit® pollen-grains SiMuiis to(h‘}K*n<l in ]>urt ujarn 
the mode <4 tlivision of inc cavity of the parent-cell into quarters; 
genernlly speaking it approaches the sjdu'roidal, but it is sometimes 
elliptical, and sometimes ttdrahedral. It varies more, however^ 
when tlie pollen is dry, than when it is moist ; for the etfect of the 
imbibitioTi of fluid . w'hich nsually takes- place when the ])ollen is 
placed in contact with it, is to softim-dowu angnlarities, and to 
bring the cell lUMror to the typical sphere. Tlie extine or outer 
coat of the pollt'u-graiu ofkm exhibits very curious markings, which 
sdcm due to nn increased thickening at some ]>oints and a thin- 
uing-away at others. Sometimes these markings give to the sur- 
faoe^layer so close a resemblance to n stratum of cells (Fig. 277, b, 
c;, n), that only a very careful examination can dete(;t the difference. 
Tho roughening of trm surface by spines or knobby protubenmees, 
tts fjhown at a, is a very comiuon feature ; and this seems to enable 
the pollen-grains more readily to hold to the surface whereon they 
may be cast. Besides these and other inequalities of the surface, 
ino^ pollen-grains have what appear to ^ port's or slits in their 
ertine (varying in number in different species), through which the 
intine protrudes itself as a tube, when the bulk of its contents haw 
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iticreayod by imbibition; it seems pn)bnl>le. Innvt ver, that the 
extiuf is not absolutely deficient at these but i« (m\y 

thinutMl-awav. Soinetiines the pores are roverfxi by little diskdike 
pieces or litis, which falbtdT w'hen the pr>nen-tiil>e is protnided. 
This action takes ])laco naturally wlaui the ])(»llcTi-jE^rainK full upon 
t h 0 surface of the h tJ trm a , 

wliichisint)istene<l witha Fro. 277 

vistud secretion; anti tin' 
pol]en-tub(‘H,a.t first nito’t' 
protrusions of iniu'r 
foat (»f tlieir cell, in-iini- 
atiii^'- tluauselves be- 
t\v<*erj th<‘ lf>ost*l\ -packetl 
<M‘llsof tilt' ste^jiia, i^row 
tlowinvard> throuirli the 
st\h‘, sttuietiiueH even to 
the hue^dh tjf several 
inches, until they reach 
tin* ovuriuin. d’he first 
ehanj,n* namely, the 
1 »rotnisi(*n of tfu* 
nienihrane thriuieli the 
pores of the ‘ri<.r 
luav be maile b) talv^‘- 
jtlaet* art ilicially by 
moistenino tie* jiolUn 
with water, tliin syrint. I oi.—A uihon ;»(,«</,• Vuium 

or aoi.is (.liifHvnt '’'.w,.™ i. 

kinds of i>o]leii-),crains ^ 

re<piirin<j: <lifl’eri*nt m<nles of treat lui'iiti ; but tin* Kuhsevpient ex- 
tension by i^rowth will only take place under tin* natural conditionw. 
H\ trt'afin'? srunc pollen-irrains, as thoKe of LiHiifn Joponinntu, 
or L. ttuntfnifi^ %vith the viscid liquid abundantly necretod 
by the stiirnia, not only niuv the extrusion and h‘]e^d:hemn.[( of tliO 
pollen-tubes be watclied, but the ^,muns with tlieir extruded tubea 
nia\’ be ]>r(‘served almost iinrliau«o‘d by moiuitiiij^ in thig liquid, 
:fe8. The darker kindH <)f ]H>llen may be generally rendered, 
transpareui by mounting in (^anada balsam ; or, if it 1.X) desired to 
avoid the use of heat, in the Benzole solution of (, Canada baluani 
{§ 20d). Betting aside the slide for a lime in a warm jdiu'e. For tho 
h?ssopaque ]>oilenH, the Dammar solution (§ 108, d)i8 pnderable. The 
more delicate jxdlcns, liow'evr'r, become too transparent in either 
of these mcnlia : and it is conscipiently preferable to mount them 
either dry or (if they will lx‘ar it without rupturing) in fluid. The 
most interesting forms arc found, for the mrwt part, in plants of 
the orders Ainarmitft^f’rp, Ctrhtrarefp, CnrurJtiiapfa;, Maivacem^ hUd^ 
; others are furnished also by Co/m*hrvlpf*, Cai/qtamdOi, 
(Etytihcm. Pdonjonhim (Geranium), Pittytjomnn, ^V'(/?oa, and many 
other plants. It is frequently preferabk* to lay-down tho entixo 




m MICKOSCOnO BTKUCT0UE of fhaneboqamic plants. 


anther, with its adherent pollen-grains (where these are of a kind 
that hold to it), as an opaque object; this may be done with ^eat 
advantage in the case of the common Mallow {Maloa sf/lvciiiris) or 
of the Hollyhock (Althma rospo) ; the anthers being picked soon 
after they have 0 }>ened, whilst a large proportion of their j)ollen is 
yet undischargi^l ; and being laid down as flat as possible, Ixjfore 
tliey have begun to wither, i)etweeu two pieces of smooth blotting- 
paper, then Hubje<*-tcd to moderate pjressuro, and finally mounts 
upon a black surf aco. They n re tln^n, wlum properly illuminated, 
most beautiful obje‘*tB for objectives of ‘2-5rds, 1, 1|, 2 in. focus, 

esjKJcially with the liiuocular Microscope.* 

;189. 'Ine structure and development of the ovnh s that arc pro- 
duced within the ovarium at the base of the pistil, and the operation 
in which their fertilization e.ssentially consists, are siilijeets of iii- 
vostigation which liuve a })eeuliar interest for scientihe Botanists, 
but wliicb, in cuiis(‘(pieiice of the special drdiculti(\s that atbmd the 
inquiry, are not eoiimi<mly regarded as willdnAhe })rovince of ordi- 
nary Microscojusts.- - Some geniral instructions, liowever, may 
prove useful to such as would like to inform themselves as to the 
mode in wliieh the generative fiinetion is pi rformed in riuinerogams. 
In tracing tluj origin and early history ol tlie ovule, v(*ry thin sec- 
tions should be made through the llower-bud, both vertically imd 
trausversidy ; but when tin* ovnle is large and distinct enough to 
be separately examined, it should be placed on the thumb-nail of 
the left hand, and very thin sections made with a sharp razor ; the 
ovule should not bo allowed U) dry-up, and the section should be 
removed from the bhnhi of the razor by a wetU'd (‘ainc*l-hair }>oncil. 
The tra<’ing-dow awards the pollen-tubes through the tissue of the 
style, may be ae«‘ompliHhed by sections (which, however, will sel- 
dom follow one tube continuously for any great i)art of its length), 
or, in some instances, by careful dissection with nee<Ues. IMants 
of the Orr/o‘s tribe are the most favourable subjects for this kind 
of investigation ; which is best carried-on by artificially applying 
the pollen to the stigma of several flowers, and then examining 
one or more of the styles daily. “If the Rt}'le of flower of an 
JUpllxvct'n* (says Schacht), to which the pollen has l>cen applied 
about eight days jireviously, bo examined in the manner above 
mentioned, the oliserver will bo surprised at the extraordinary 
number of jxdlen-tnbes. and he wall easily be aide to trace them 
in large strings, oven as far as the ovules. Viola tricolor (Eearts- 
<ja8e) and Jllhcii uojyniu and riihrum (Black and Red CuiTant) are 
also goOil plants for the purpose ; in the cu.se (d the former plant, 

♦ It sometimes that when the pollen of rines or Firs m set free, 

quantities of it are (*arncd by the wind to a great distance fnim the woods 
und pUmtAtions in which it hasl>ef‘n produced, andaiX' depositedasa fine yellow 
dust, so strongly ivscmbling Bulpliwr as to be easily nustaken for it. This 
^supposed) general diffusion of sulphur (such as occum>d in lb© neighbourhood 
of vSHndsor in has frightened ignorant rustics into the b^dief that the *cndl 
of the world* WAS at hand. Its true nature is at onco revealed by placing a 
few grains of it under the Microscope. 
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““d bninohod pollen-tubog wiU not 
^ met with,- -I’he entrance of the poUen-talw into 
unfl J>o most oaaily observcHl in OtrhuJeoua pltmtti 

it being only nwc^gary to tear*<>j>en with a 
from f bA a Howcr whi(4 m pi»t witlu>riiig, and to dotach 

almost every one of which will he 
^ have a i>ol](Mi-tuhc sticking in its micropyle. These ovules, 
vtr, arc too small to allow ol sections being made, whereby 
the origin ot the embr^vom IV hi discerned , and tor this purpose, 
mn (hvemng l*riinrosc) lias been ha<l reconrso t<» by 
HotfmciHter, wliilst Schacht vorommvmU Laihuiu, ,rput,mna, 
partuiilarly Pi rhnthns Ht/lrnf/uf, 
f'* ; Wc have n()\\ in tj„. place, to notice the <biet points 
ot iiitcrest to the Murovopist \vhi< h arc lurnished by mature 
ifi'pi t(, . any ot the smaller kimis ot thcs(‘ bodn'sarc very curious, 

and home me very beautiful ob,cc1s. when looUnbat in their 
la nra s ate under a low magnitMiig power dMms the seed ot 
u> 0}ipij { ig jin*M'nfs a leguhii reticulation upon its 





8<e/is, as s*< n lUidf r a lov\ nmgfnf^ing i>ower —a, Pnupu 
11, AnmnwnutH (Pnufv ’s U atlu ») . c. AuOrrhinum 7ni^us(hmZ 
Umgoii), n, (’arjfophyUum ((;iov.‘-jjink), li, Higmma 

surface, pits for the most part hexagonal being -left between pm** 
jecting walls, that ot Onnjaplujllnm (n) is regularly covered with 
cunously.jagged divisions, every one of whicli has a small bright 
black hcmisphencal knob in its middle; that ot Arn^taiAm 
nypf^hondnacttft has its surface traced with extremely delicate 
markings (0) ; that of Ahiflrrhinnm is strangely iiTegtilar in shape 
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(c), and lodkfl almost like a peco of famace-slag ; aad lliat of 
many Bimwfvlacem is remarkable for tbe beautiful radiated struc- 
ture of uie trausluceut membrane which surrounds it (b). This 
fttrueture is extremely well seen in the seed of the jEccrewtaca^yws 
seober, a hall-hardy climbing j^lant now common in our gardens ; 
and when its membranous * wing ’ is examined under a sufficient 
magnifying power, it is found to be formed by an extraordinaiw 
el<mgation of the cells of the seed-coat at the margin of the seed, 
the side-walls of which cells (those, namely, which lie in contact 
with one another) are thickened so as to form radiating ribs for 
the support of the wing, wliilst the front and back wmls (which 
constitute its membranous surface) retain their original trans- 
parence, being marked only with an indication of spiral deposit in 
their interior. In the seed of Dicfyohma Peruviam, besides the 
principal ‘ wing * prolonged from the edge of the seed -coat, there is 
a senes of successively smaller wings, whose margins form con- 
centric rings over either surface of the seed : and all these wings 
are formefl of radiating fibres only, composed, as in the preceding 
case, of the thickened walls of adjacent cells ; the intervening 
membrane, originally formed by the front and back walls of these 
cells, having disappeared, ap|)arontly in consequence of being unsup- 
ported by any secondary deposit.* Several other seeds, as those 
of Sphenoffyne tiperiosti and Ijoplwepermnni eruh(wenft X>088e8B wing- 
like appendages ; but the most remarkable development of these 
organs is soia by Mr. Quokott to exist in a seed of Calomrtihefi 
Indica^ an East Jmlian plant, in which the wing extends more 
than an inch on either side of the seed. — Some seeds are distin- 
guished by a pe.mbarity of form, which, although readily discernible 
by the naiked eye, becomes much more striking when they are 
viewed under a very low magnifying power : this is the case, for 
example, with the seeds of the I whose long radiating pro- 
cesses make it bear, under the Microscope, no trilling resemblance 
to some kinds of star-fish; and with tiiose of Cyanthus minm\ 
which bear about the same degree of resemblance to shaving- 
brushes. In atldition to the preceding, the following may be 
mentioued as seeds easily to bo obtained, and as worth mounting 
lor opaaue objects •.-^AnagaUU, Amthum yraveoUm»t BegomUf Oarttvh 
eafUh Coreopsis tinctoria, Daium, Delphinium^ Digitalis^ Elaiine, 
Mrieap Oeniiana, Gcmiera^ Myoacmimns, Hypericum, Ijepidium, 
Idmnochari^t lAnarin, LycJinw, Mesemhnjanthevimn, Ntcoitana, 
Origamme Orohanche, Petunia, llegeda, Saxi/raga, Sero^ 

phmaria.^, Sedum, Sempervimim, Silene, btellaria, Syiwphgtum 
a$perr%-nmm, and The following may be mounted as 

transparent objects in Canada balsam i-^Dnniera, Hydrangea, 
MawAropat Orenie, Pamae»ut, Pyrola, Buxifraga.f The seeds of 
Umbelliteroua plants generally are remarkable for the peculiar 

• fiee H. B. Brady in “Tnuisactions of Microsc. Society,** K.S„ Vol. ix. 

(isenp 66, 

t TnoM lists hsvc been chiefly derired from the ** Micitvgrsyhio Diettonsry.*' 
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or receptaclefl for essentia! oil, wHch are found in tkoir ooats. 
Various points of interest res^ting the structure of the Mm or 
envelopes of seeds, — such as the fibre-cells of Cahma and 
tbe stellate cells of the Star^Anme, and the densely-consolidated 
tissue of the ‘ shells * of the Coquillaruutt Cocod-nutp Ac,, — having 
been already noticed, we cannot here stop to do more than odveri 
to the peculiarity of the constitution of the husk of the Corn- 
grains. In these, as in other Grasses, the ovary itself continues to 
envelope the seed, giving a covering to it tliat surrounds its own 
testa, and closely adheres to it. The * bran’ detached in grinding 
consists not only of these two coats, but also (as the Microscope 
reveals) of an outer layer of the grain itself, formed of hexagonal 
cells diKj)08cd with great regularity. As these arc filled with 
gluten, the removal of this layer takes away one of the most nntri- 
tious parts of the grain ; ainl it is most desirable, therefore, that 
only tluv two outer indigestible coats shotild be detached by the 
‘ decorticating’ process devised for the purpose. The hexagonal 
cell-layer is so little altered by a high temperature, as still to be 
readily distinguishable when the grain has been ground after 
roasting, — thus enabling the Microscopist to detect even a small 
admixture of roa 8 te<l Com with Coffee or Chicory, without the 
least difficulty 

♦ In A cAAf* In which tho Author was calloil-npon to make such an invosti- 
gAfion, ho fouu«l as iruiiiy ah thirty ciistinctly-rooogtnzahl^i fragments of this 
collubir «nvch>p(}, in « ninfjh grain of a mixturo couHisting of Chicory with 
only 6 per cent, of rooBted Coni. 
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HrcHoscopic roiiMs or aximal lipk: — protozoa. 

301. Passing-on, now, to the Animal Kiiif^dom, we begin by 
dir<3Cting our attention of tbose ininnte and simple forms, whiclr 
csorrespond in the Anima] series with tlio in the Vege- 

table ((-hap. vi.) ; au<l this is the more desirable, since the forma- 
tion of a difitiiiet group to which the name of bROToz(jA (first 
proposed by Biebold) may be ap])ropriately given, is one of the 
most interesting ri'sults ol Microscopic inqiiny. 'rhis group, which 
must b <3 placed at the ver^' base of the Animal scale, beneath tin* 
great Snh Kiiig<lorns marked-out by Cuvier, is characterized by the 
extreme simjdicity that prevails in the structure of the beings 
composing it; the lowi'st of them being single proto})lasmi(‘ 
Xiarticlos or ‘jelly-specks;’ whilst even among the highest, how- 
ever nninerous tbeir units may be, these are (as among Proto- 
phyfen, § ii27) mere rej>etitions of one another, each capable of 
maintaining an independent existence. In this there is a very 
ctirions and significant parallelisin to the earliest embryonic stage 
of higher Animals. For the fertilize*! germ of any one <>f thesd 
first shaj^es itself as a single cell ; and then, hy repeated binary 
Hubdivisioiis, (h'velojis itself into a unontht or ‘ mnlberry-mass ' of 
cells (Pig. 40)?). corresponding to the ‘ inulticellnhir’ organisms met 
with among the higlier IVotozoa (Fig. 3v0). There is, so far, in 
neither case, any sign of that * difi’erentiation ’ of orpins wliich is 
characteristic of the liigher Animals ; Imt whilst, in the Protozoon, 
each cell is not nnirely similar to its fellows, but is irnloi>endent of 
them, the hionrlo, in such as go on to a higher stage, becomes 
the subject of a series <»f develojimental changes, tending to the 
pwriluction of a single whole, whose parts are mntnally-dejicndent. 
The first of these changes is its conversion into a cfOHtnilo or pri- 
mitive stomach, whose wall is formed of a double membrane, — 
the outer lamella, or ectoderm, being derived directly from the 
external coll -layer of the morula, whilst the inner, or endodenn, is 
formed by the ‘ invagination’ of that layer into the ejiace left void 
by the dissolution of tlie central cells of the * morula.’* This 
as we shall see hereafter (§ Mo), remains perma- 
nent in the great group of Ciedrutrrata ; though the endoderm and 
ectoderm are eeparatm from each other in its higher forms by 

• It has not yet been certainly «sc*‘rtained that tlio endoderm is formed by 
invagination in all* cases ; but as several of the »np]>oRed exceptions have dis- 
appeared under the light of taller investigation, it seems prol^ble that the 
remainder will bo ionud confo»tnable to the general rule. 
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the development of generative and other organa between th^. 
But in all Olaaaea alK)ve the Coolenteratea, the primitive atomaoh 
has only a transitory existence, being superseaed by the perma- 
nent structures that have their origin in its walls.— Thus the 
whole Animal Kingdom may be divided, in the first place, into the 
Proto7X)a, whicli are either single eells, or aggregates of similar 
cells corresjx)uding to the wi-ontht-stage of higher types ; and the 
MisTAXtu, m which the morula takes-on the condition of an 
individualized organism, the life of every part of which conttibntes 
to the general life of the whole, 

392, The lowest of the however, like the simplest 

Protophytes, do not even attain the rank of a true relf,— under- 
standing by that designation a definite proti>plasmi(‘ unit, limited 
by a cell-wall, and containing a * nucleuH.’ For tlu^y consist of 
particles of protoplasm, termed (* cytodes* or ‘ plastids') of in- 
uofinito extent, which have neither cell-wall nor nucleus, but which 
yet take-in and digest food, convert it iuU> the material of their own 
bodies, cast out the indigestible [>ortion«, and reproduce their kind, 
with th('- regularity and complcUmesH that we have lieen accustomed 
to regard as characteristic of higher Animals. Between some of 
these Mon^f^i'iKoa (as they have been dcsignateil by Prof. Hac<}kel, 
who first tlrew attention to them) and the MipMtiujeeks (§ 2M) or 
the Chldifiidomiylii (§ 324) already doscribetl, no definite line of 
division can be drawn; the only justification for the separiition 
here adopted l>eing that the atnmties of the former seem he 
rather with the lowest forms of Vejjetation, whilst the whol0 llle- 
liistory of the types now to bo descnlied, and the connected grada- 
tion by whicli they pass into undoubted Hhizopods, leave no doubt 
oi thiifr claim to a place in the Animal Kingdom. 

Moxetiozoa. 

393. A characteristic example of this lowest Protozoic type m pre- 
sented by the Protoin)j,m aurantidca (Fig. 279), a marine ' MpncF 
of an orange-red colour, found by Professor Haeckel upon dead 
shells of l^virnla near the Canary Islands. In its oedive state it 
has the stellar form shown at F ; its arborescent extensions dividing 
and inosculating so as to form a constantly changing notworfe of 
protoplasmic threads, along which stream in all directions orange- 
red granules obviously belonging to the bo<ly itself, together with 
foreign orgi^am.s r)— such as marine liiatorns, iladiolarians, 
and Infusoria, — which, having b^n entrapped in the pseudopodial 
network,^ are carried by the protoplasmic stream into the central 
mass, where the nutrient matter of their bodies is extracted, 
hard skeletons l^ing cost out. Neither nucleus nor contractile 
vesicle is to be discerned ; but numerous fioating and inconstant 
vacuole.s (a) are disjierMed through the substance of the body.— After 
a time, the currents become slower ; the ramifiefl ext^siona are 
gradoiUy drawn inwards; and, after ejecting any indigestible 
particles it may still include, the body takes the form of an orange* 
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wmiwi which a cyst soon forms i^lf, as shown at a. 
After a period of quiescence, the protoplas^c substance retreats 
from the interior of the cyst, and breaks up into a number of small 
sphem (b), wMch, at first inactive, soon be^ to move within the 
cyst, and change their shape to that of a pear with the small end 
dfmwn out to a point. The cyst then bursts, and the red pear- 

Fio. m. 



. attmutioca.* — a, encysted stiitospore; h, incipient formation of 

swatia*i{>orea, shown at c esoapiug from the cyst, at i> swimniina: freely by 
fiimllale snpondagea, and at b creeping in the amcnbotd ooixiition; 
r, fidiySmloped reticulate organism, shoi^ug numerous vacuHes, «t, and 
cai^iiKtrad prey, h, «. 

shaped bodies issue forth into the water (e), moving freely about by 
the vibrations of JUx^eUa formed by the di^wing-out of their smau 
ends^^ust as do the fiagellated zoospores of rrotophytes (§ 5131). 
These hodieeu bebg wi&out trace of either nudeos, oontraotilo 
ved^t or are to be accounted as partieliw of stmpio 
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homopfeneoas protoplaam, to whicli the designfttioii Immi 

been appropriately given. After about a day the motioae oea»e ; 
the flag^la are drawn in» and the plasiidulee take the form mm 
lead the life of Amatlm (§ 40S), putting forth inoonetant psendo* 
podial proceaaeSf and engulfing nutrient particles in their sub* 
stance (i>). Two of more of these amtnbifonn bodies unite to form 
a ‘plaamodium (jw in the Myxmnycctes^ § 222); its pseudopodial 
extensions send out branches which inoscumte to fomi a network ; 
and the body grows, by the ingestion of nutriment, to the site of 
the original. — In this cycle of change there seems no interv^tion 
of a generative tw;t, the coalescence of the amoobif orm plastidttles 
having none of the characters of a true ‘ conjugation.* fiat it is by 
no means improbable that after a long course of multiplication by 
successive sutKlivisions, a sexual act of some kind may intervene. 

;t94. Another very interesting ‘ irioneric* typo is, the Vampyfvlta; 
of which one form (Fig. 28(b lO lia^^ long beim tnown in its encysted 
condition os a minuU* brick-rod sphere attached to the filaments of 

Fio, 280. 



a socking-out contents of . 

at II in encysted condition, the cyst a emUmng gnimUr protoplssjn 
divteiW of eouteote of cyst into teirMpores, of whioh one is eses|4»g m iiie 
amoetiaid oonditi^ to develop HseU into tbs sdalt form shown st n* 
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the Conjugate Bpwogma ; whilst anothier (Fig. 281, a) similarly 
attaches itself to the oranches of Gmnphouema (§ 2^). The walls 
of the cysts are composed of two membranes ; of which the interior 
gives tue characteristic reaction of - cellulose, whilst the softer 
external layer is nitrogenous. After remaiumg some time in the 
quiescent condition, the encysted protoplasm breaks up into two or 
four ‘ tetrasjpores* (Fig. 281, d) ; these escape by openings in the 
cyst (Fig. 2o0, c) ; and soon take the spheriem form, emitting very 
slender pseudopodial filaments (Figs. 280, i), 281, b) like those of 
an but jpossessing neither nucleus nor contractile 

vesicle. In this condition they show great activity ; moving about 
in search of the special nutriment tliey require, drawing themselves 
out in strings and fine filaments which tear asunder and again 
unite to send off branches and form fine fan-like expansions, and 
these occasionally contracting again into minute spneres. When 
the F. sjtiro^yrcn is watched in water containing some filaments of 
Bpiroyyra, it may be seen to wander until it meets one of these 
hlaments, to which, if it be healthy and loaded with chlorophyll, it 
attaches itself. It soon begins to perforate the wall of the filament; 
and when the interior of this has been reached, its endoplasm, 
carrying with it the chlorophyll-granules it includes, passes slowly 
iuto ^ body of the Vampyndla, In this manner, cell after cell is 
^eihpti«4 of its contents; and the plunderer, satiated with food, 

' resum^ its quiescent spherical form to digest it. The chlorophyll 
grimules which it has mges^ become diffused through the body, 
blit gi^nally cease to be distinguishable, the protcmlasmic mass 
assuming a brick -red colour. The first layer it exudes to form its 
cyst is the outer or nitrogenous investment, within which the 
c^ulose layer is afterwards formed, — The V, gimipfionetMUis in like 
manner creeps over the stems and branches of the Oompkom‘-nm 
(Fig, 261, el, adapting itself to the form of its support; and as 
soon as it has reached one of the terminal siliceous cells of the 
Diatom, it extends itself over it so as completely to envelop the 
cell in a thin layer of protoplasm. From the surface of tnis, a 
number of fine pseudop^ia radiate into the surrounding water 
} whilst anower portion of the protoplasm finds its way between 
the tero siliceous valves into the interior, and appropriate its con- 
tents. The valves, when emptied, break off from their support, 
and are cast out of the body of the Va/tnpynUa, which soon proceeds 
to another 0<^nphone}m-oe]X and plunders it in the same manner. 
Alter thus ing^ti^ the nutriment furnished by several cells, and 
ao^nli:^ its full sixe, it passes, like F. fpyrogyroi, into the encysted 
eonditkm, to recommence— after a period of quiescence — ^the same 
cycle of <mange. 

1^. Intermediate between the foregoing and the ^ reticularian' 
Hhiaopods to be presently described^ is another simple Protosocin 
discovered in ponos in Denuany by M.M. Olapardde and Lochmann, 
and naped by them lA^berhiUmia IFo<^»en.* The whole substance 

• **Ettide« 9ttr lee |nfa«oirMi et lee Bhis^todes;** Geneva, IS50-1SS1. Tlie 
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Vcutq>yr(‘Ua gomphonematU j— A, Colony of Comphontma by r«»>* 

pgretiwi a, cncyftt-fjd state; ft, ft, cysts with contents l)reaki»g-np into totm- 
apoivSt 4. escapinj? at**; at / is sIjowti a Vampffretla sucWiig-o«l 

contents of GV>mpAon««ia-f^lls, the emptied frustnlcs of vrhicb, fr, *r» Cftst 
f<»rib “Bj isolated Vampyrella^ creeping about by its extended psoudopodto. 

beautfftil figure of Lirherk&htila, given by M. Clajjtfirftde, has been reprodwJSd by 
tUe Author in Plate 1 of bis ** Introdaction to the Study <if tbe FomminifSf*-’^ 
A B^jsopod of the same type has been discovered by Mr. SiddaU (of Chester) in 
«Sie«-water from the North and South Coasts of Wales, which he regwds SS 
specially identical with X. Wag*>ueri (“ Q,uaTt. Microsc. Joum." N.S., Voh 
p. lit), *>dt which the Author (who bos great confidence in the occuragr of toe 
«»sf»Ileut observers hy whom latter was described) must rego^as dm^a* 
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of tliie body of this animal and its psendopodial extenskaw 
is composed of a homogeneous, semidnid, granular protoplasm; 

the partkslea of orhicm* when 
Fia m the animal w ia a state of 

acting, are cantinnally 
perfoming a cireolatory 
morement, which may bo 
likened to the rotation of 
the partioles in the proto- 
plasmic network within the 
cell of a Trade9cantia> 
(§ 355). It is a marked pe- 
culiarity of the pseudopo- 
dial extension of this type, 
that it does not take place 
by radiation from all parts of 
the body indiflerently ; but 
that it proceeds entirely from 
a sort of trunk th^. soon 
tlivides into branches', which* 
again, speedily multiply by 
further subdivision, until 
at last a multitude of finer 
and yet finer threads are 
spun-out, by whose con- 
tinual inosculations a com- 
plicated network is pro- 
jLMrrl’&hnia duced, which may be likened 

to an animated Spider ^ 8 web. 
The entire absence of any thing like a inembniiious envelope is clearly 
evMmioed by the readiness with which the subdivision and the 
cooleseence of the psendopodia alike take place. Any small ali- 
mentary particles that may come into contact with the glutanous 
surfa^ (5 the pseudopodia, are retained in adhesion by it, and 
speedily jwtrtake of the general movement going-on in their sub- 
stance. This movement takes place iu two principal directions ; 
from the body towards the extremities of tne psendopodia, and 
frmn these extremities back to the body again. In the larger 
Uis^ehes a double current may be seen, two streams passing 
at ti^ same time in opposite directions ; but in the finest filaments 
the current is single, and a gninule may be seen to move in one of 
them to its very extremity, and then to return, perha^ mating 
and carrying back -with it a granule that was seen advancing in 
the direction. Even in the broader pr<^8ses, granulea 

m somctimcft obsen^'ed to come to a stand, to oscillate for a txme, 

of Gromiii), hsviog a de^uite orifice bordered by four infolded 
lltnHigh which the sereodic trunk iwraes forth ,• and by the pnoeiugw of 
aiMIliihwf ol highly refractive, short, rod-lUce spienliHt, set vsrioiui angle* *a 

thooatiwinsl rnkmee* 
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and than to talce a retrognAe course, as if ikey had been entangled 
in the oppotin^ current,— just as is often to be seen in Cham. 
When a granute arrives at a i>oint where a filament bifurcates, it is 
often arrested for a time, untu drawn into on© or the other curr^t; 
and when carried across one of the bridge»Uk© connections into 
a different band, it not unfr^uently meets a current proceedpg 
in the opposite direction, and is thus carried back to the oody with* 
out having proceeded veiy far from it The pseudopodial network 
along which this ‘ cyclosis * takes place, is continually undergo!^ 
changes in its own arrangement ; now filaments being put forth in 
difiTerent directions, Hoinotimes from its margin, sometimes from 
the midst of its ramifications, %vhilst others are retracted. Not 
unfrequcntly it hapjwns that to a spot where two or more filamenta 
have met, there is an afflux of the protoplasmic substance that 
causes it to oocumulabj there as a sort of secondary centre, from 
which a new radiation of filamentous processes takes place. Oc^pa- 
sionally the pseudopodia are entirely retracted, and all activity 
ceases ; so that the bcnly presents the api^arance of an inert lump. 
But if watched sufficiently long, its activity is resumed ; so that st 
may be presurae<l to have been previously satiated with food, which 
is undergoing digestion during its stationary period. No encysting 
process has been noticed in lAcherkuhnia ; and the manner in whien 
this typo reproduces itself is at present entirely unknown- As the 
marine type of it occurs on our own coasts, the fresh-water type 
may very likely he found in our ixmds ; and either may be recom- 
mended as a most worthy, object of careful study. . 

RlltZOFODA. 

We now arrive at the group of lihiznpods, or ‘ root-footed' 
animals, first established by Dujardin for the reception of the 
Amaka (§ 40d) and its allies, which hod been included by Prof. 
Khrenbe^ among his I nfusory Animalcules, but which Duiardin 
s^mratod from them as being mere particles of mreodo (protoplasm), 
having neither the definite body-wall nor the special mouth of the 
true hfifmoria^ but putting forth extensions or their sarcodic sub- 
stance, which he termed pseudopodia (or false feet), serving alike 
as instruments of locomotion, and as prehensile organs for 
obtaining food. According to Dujardin’s ae^ition of this group# 
the Monerozoa already described would be included iu it; out it 
seems ou various grounds desirable to limit the term Uhifopodapt^ 
those Protozoa in which the presence of a tmclevSf the diRerentia- 
tion of pi eriosarc (or firmer superficial layer of protoplaim) from 
the semi-fluid et^sarc^ together with the more definite form and 
restricted size, indicate a distinct approach to the condition of truo 
cells. — Many difiereat schemes for tiie claesification of the Rhiaopods 
have been proposed ; but none of them can l>e regarded as enturdy 
sahitiactory, our knowledge of the Reproductive processes, an4^ m 
other important parts of the life-history of these creatures# beaig 
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«till e^ctremely impeTfect. Aaid ae some parts of the scheme pro- 
posed by the Author twenty years based on the characters of 
the pseudopodial extensions, have been accepted by more recent 
^utematists, he thinks it best still to adhere to it, as seeming U> 
him to be on the whole most natural. 

I, In the First division, Xteiicularia^ the pseudopodia freely 
ramify and inosculate, so as to form a network, exactly as in 
XMerkiilmia ; from which they are distinguished by the possession 
of a nucleus, and by the investment of their sarcodic bodies in a 
firm envelope. This is most commonly either a calcareotis shell of 
very definite shaptj, or a tent built up of sand-grains or other minute 
particles more or less firmly united by a calcareous cement exuded 
from the sarcodic body. These testaceous forms, which are 
exclusively marine, constitute the group of Foramitiifeni ; whose 
special interest to the Microscopist entitles it to separate considera- 
tion (Chap, xn.). And it is only for convenience, that two 
Mdicularm which inhabit fresh water also, and the envelopes of 
whose bodies arc usually membranous, are h(?ro separated from 
the Foraminifera (to wliich they properly belong) for descrip- 
tion 08 types of the group. The Mciictiuiria have little locomotive 
power, and only seem to exercise it to find a suitable situation for 
their attachment ; the capture of their food being effected by their 
pseudopodial network. 

II. Tue Second division. ireUorA)a,f consists of the Rhizopods 
whose pseudopodia extend themselves as straight radiating rods, 
having little or no tendency to subdivide or ramify, though they 
are stall sufficiently soft and hornogent^ous (at least in the lower 
types. § ff99), to coalesce when they come into contact with each 
other. 'Fhese have usually (probably always) a contractile vesicle 
‘as Well 08 a nucloua; and the higher loimsof them are characterized 
by the enclosure of jieculiar yellow corpuscles (whose import in 
,unknown) in the substance of their endosarc. By far the 
larger number of iliis group also have skeleU^ns of Mineral matter, 
.which are always tfiUceom ; and these are sometimes jieiforated 
casings of great regularity of form, as in the marine Polyajsfina ; 
ifomeumeH internal frameworks of marvellous symmetry, as in the 
marine Uadhhma. These two groups, also, will be reserved for 
apedal notice (Chap, xii.); the simple Hdiozoa which are among 
the commonest inh^itants of fresh water, furnishing the bestillns- 
trations of the essential characters of the tyj>e. They seem for 
the most part to have but little locomotive power, capturing their 
pr^ by their extended pseudopodia. 

Uh The Third group, liohoBa^ contains the Rhizopods which most 

* “Katiural History Review,” 1861, p, 456; and “ Introdaciion to the Study 
of the Fomminifera” (1862>, Cbap, ii. 

f To this group Uw Autl»or lomieriy extended the nnme Jiudiolariti given 
HtUler to one section of it ; but be now thinks it preferable to employ Uie 
gnnetal .term ffHSowa given to it by Hertwig and Leaser^ rostriemg the 
$etm the group to which it was onginally appli^. 



OU.SSIFIOATION OF SHIZOFOOA. 477 

nearly approaoh the condition of true Celia, in the differ^tiation of 
their almoat membranous ectosaro and their almost liquid endosnrc. 
and in the non-coalcscence of their psoudopodial extensions, which, 
instead of beinj? either thread-like or rod-like, are hhah, that is, 
irregular projections of the body, including both ectosaro and 
endosarc, which are continually undergoing cliaugo both in form 
and number. The Litbosa arc comparatively active in their habits, 
moving freely about in search of food, which is still rnceived into 
the Hubstanco of their bodies through any part of their surface,' 
unless this is enclosed in envelopes, such us are formed by many of 
them, either by exudation from the surface of their bodies of some 
material (probably cbitinous) which hardens into a membrane, or by 
aggi*(*gating and uniting grains of sand or other small solid par- 
ticles, which they build up into ‘ tosts.' A large proportion of them 
are inhabitants of frcsli water, and some are even found in damp 
earth. 

J107. llvf'andn'nf. 'riiis type is V(iry eharacteristieally represented 
by the genus Gnhuiif (Fig. iSd) ; stuneof whose species are marine, 
and are found, like ordinary among tufts of (airallines, 

Algo?, Ac. ; whilst others iuhahit fresli waiter, a<lhering to Conferva? 
and other Flantsot running streams. It was in this ty|K?, that the 
ju'esenee of a nu(;leuH, formerly sup^Kised to ho wanting in Ileti- 
('ularia generally, w'as first established by Dr. Wallicli. 'The 
sarcodc-hody of this animal is encased in an egg-Hhai)e<i, brownish- 
ytdlow, clutiiKuiH envelope, which may attain a diaruett.?r of from 
i-l2th to 1 -loth of an incn,hK>kmg to the naked eye so like the egg 
of a Zoop]jyt<^ or the H<?ed of an aquatic Jdaut, that its real nature 
would not ]>e suspected as long as it remains qumscent. 'rhe ‘ test’ 
has a single round orifice, from which, when the animal is in a 
statciof activity, the sfircodic substance streams forth, speedily giving 
off ramifying extoTmious, which, bv further ramification and inoscu- 
lation, fonu a network like that of Lieli<jrk iihnia. But the sarcodo 
also extends itsidf so as to form a continuous layer ovttr the whole 
exU?rior of th(? * test and from any part of tliis la^ cr fresh pscudo- 
ptslia may Is? given off. By the alternate extension and contrac- 
tion of these, minute Protephytes and Protozoa are entrapped and 
drawn into the interior of the test, where their nutritive material 
is extracted and assimilated ; and if the ‘ test * (as happens in some 
species) be sufficiently transparent, the indigestible hard parte 
(such as the siliceous valves of Diatoms, shown in J'ig. ffBff ) may bo 
distinguished in the midst of the sarcodic substanee. By the same 
agency, the Oronila .sometimes creeps up the sides of a glass vessel. 
In the intervals of quiescence, on the other hand, the whole sarcodm 
body, except a film that serves for the attachment of the teat, is 
withdrawn into its interior. 

ff98. Another example of the Eeticularian group is afforded by the 
curious little Microgromift sociallft (Fig. 284), first discovered by Mr. 
Aitier,and further investigated with great care by Hertwig ;♦ whieh 
* ^ XJeher Microgr&mia in Archiv fttr Mikr. Aijiat.,*' IJd. x., Supplemeoh ^ 
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fonon of the paradopodia, into a common ‘ colony the indiii^aala 
nomatimes remainm^ at a disi^ce from one anotlier as at a, but 
s^etimes affgrei^tmg themselves into compact masses as at B. 
The nearly ^obular tmn calcareous shell is prolonged into a short 


Fio. 2P3. 



Oromim ot^ifi^rmUf with its pseud opodis extended* 

neok having aciroular oiihce, from which the sarcode-body extends 
iteeif, giving off very slend^ psendopocUa wbicb radiate in all 
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direcl»mi. Adistinct nucleus can be seen in tbe deepest past of the 
; while a oontaractile vesicle lies imbedded iu the saioodk sub- 
stance nearer the mouth. Multiplication b/ duplicative subdivision 


Fio. m. 



toddUt : — A, colony of individuals in extended sUte, some ef 
tbem imdei^nliMK tnuasvers© fission ; B, colony of individnsls (soino of tlumi 
fwptntad fi^ the prittcipiil msss) in compact state » c, x>, fonaatiematid eiCife 
el swirm-epoie, seen free at a. 
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has been distinctly observed in tiiis type ; but "with a peonliat 
dqaartnre from the nsnal method. A transverse consolation 
divides the body into two halves~as shown in two individual 
of colony a, — each half possessing? its own nucleus and (contractile 
vesicle; the posterior sejpnent, which at first lies free at the 
l)ottom of the cell, then presses forwards towards its orifice, a? 
shown at c, and finally, by amoeboid movements, escapes from 
it, sometimes stretching itself out like a worm (as seen at d), 
sometimes contracting itself into a globe, and sometimes spreading 
itself out irregularly over the pseudopodia of the colony. But it 
Snarly guthera itso)f together and takes an oval form; and either 
develops a pair of flagella, and forsakes the colony as a free swim- 
mim^ Monad (§ 416), or assumes the form of an AdinoplmjSy 
moving about by three or four pointed pseudopodia,— -probably in 
each case coming after a time to rest, excreting a shell, and laying 
the foundation of a new colony. There is reason to think that a 
multiplication by longitudinal fission also takes i)lace, in which 
escaping segment and the one left behind in the old shell 
remain attac.luMi by their pseudopodia, and the former develops a 
new shell without undergoing any change of condition. 

BlH). Heliifzoa. — The Adhorplmjs solj sometimes termed the * sun- 
animalcule’ (Fig. 285), is one of the commonest examples of tliis 

B ; being often met-wiih in lakes, ponds, and streams, amongst 
rvm and other aquatic plants, as a whitish-grey sjiherical par- 
ticle distinguishable by the naked eye, from which (when it is brought 
under a sufficient magnifying power) a number of very fiellucid, 
slander, pointed rods are seen to radiate. The central jiortion of 
the body is composed of homogeneous sarcode, enclosing a distinct 
nucleus with a large nucleolus (as in Fig. 287, x); but the peiipherol 
piUt has a ‘ vosicuiar" aspect, as in the type next to bo described 
TFig. “286). This appearance is due to the number of ‘ vacuoles’ 
wed with a watery fluid, which are included in the sarcodic sub- 
S^nce, and which may Ix) artificially made either to coalesce into 
lar^r ones, or to subdivide into smaller. A ‘contractile vesicle/ 
numatiilg rhythmically with considerable regularity, is always to 
hi distinguished, either in the midst of the sarcode-body, or (more 
cimmonly) at or near its surface ; and it sometimes projects oon- 
fi^erably from this, in the form of a flattened sacculus with a deli- 
membranous wall, as shown at o. The cavity of this sacculua 
li liot dosed externally, but communicates wdth the Surrounding 
umdium ; not, however, by any distinct and permanent orifice, the 
Ijliembraiilform wall giving way when the vesicle contracts, aUd 
thmi dodhg-over again. This alternating action seems to serve a 
mn^iratOTV purpose, the water thus taken-in* and expelled bemg 
distributea tnrough a systeni of channels and vacuole^f fexChTSted* 
in the substance of the body ; some of the vacuoles which are 
nearest the surface being observed to undergo distension when the 
vedde contract, and to empty themselves gradually as it re-fills. 
The body of this animal is nearly motionless, but it is supplied with 
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noori^mrat by tiic iBstrnmentality of its pseudopo^a; its food 
being deny ed not meroly from Vegetable particles, but from ▼aiious 

Fi«. 2t*5. 



Jctinophi'f/g !nif, in ilifTeront Ktttt<*8 ; — A, iu itn ordinarj' ruo- 
liKo ft<nn, nith tt ooutractib Vi'wh'K* o; «, iu tho 

sa't of (UviHion or of fonjuffutuiii, with two contract il<* vcHiclou 
o, o; c, in the act of feeding; D, in tho act of diHchaiging 
fa-'cal (?) mattors, a and 6. 

small Animals, some of them (as tho youn^j of Kntomostraca) 
j) 08 se 8 Hiug great activity as well as a comparatively high organiKa- 
tion. When one of these Imppens to come into C(»ntaet with one of 
the pseudopodia (which have firm axis-fil aments clothed with a 
granular Barcode), this usually retains it by Oflhesiou ; but the! 
mode in which the jiarticle thus taken captive is introduced into fie 
bodyg differs according to circumstances. If the j>rey is large 
and vigorous enough t<j struggle to escai>e from its entanglement, 
it may usuallv l>o observed that the neighlx>uringpHeufIopr)dia bend 
over and apply thcmaelves to it, ho as to assist in holding it captive, 
and that it is slowdy drawn >>y their joint n^traction towards the 
body of its captor. Any small particle not capable of offering 
active resistance, on the other hand, may be seen after a little time 
to glide towards the i^ntral body along the edge of the pseudo- 
podmm, without ^y visible movement of the latter, much in the 
same manner as in Gromia. When in either of these modes the 
food has be<m brought to the surface of the body, this sends over 
it on either side a prolongation of its own sarcode-substance ; and 
thus a marked prominence is formed (Fig. 285, ( ), which gradnsdly 
anbsides as the food is drawn more completely into the interior, 
^0 Boggles of the larger Aninuds, and the ciliary action ot 
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Ittfmoria and may aometimoa be obeorved to continue 

oven after tbey have been thus received into the body ; but these 
movements at last cease, and the process of digestion begins. The 
^mentary substance is received into one of the vacuoles of the 
eudosarc (Fig. 287, f), where it lies in the first instance surrounded 
by liquid ; and its nutritive portion is gradually converted into an 
uudietinguishable gelatinous mass, which becomes incoq)orated 
with the material of the sarcode-lxsly, as may be seen by the general 
ditfnsion of any colouring particles it may contain. Several 
vacuoles may be thus occupied at one time by alimentary particles ; 
frequently four to eight are thus distinguishable, and occasionally 
ten or twelve; Ehreuberg, in one instance, counted as many 
as sixteen, which ho described as multiple stomachs. Whilst 
the digestive iiroceas, which usually occupies some hours, is going 
on, a kind of slow circulation takes place in the entire mass of the 
endosarc with its includetl vacuoles. If, a.s often happens, tlie body 
taken-in as food possesses some hard indigestible portion (as the 
shell of an Entomostraoan or Rotifer), this, after the digestion of 
the soft parts, is gradually pushed towards the surface, and is 
thence extruded by a process exactly the converse of that by whicli 
it was drawn in. If the particle be large, it usually escapes at once 
by an opening which (like the mouth) exttmijKudzes itself fur the 
occasion (n) ; but if small, it sometimes glides along a pseudoi)odium 
from its base to its point, and escapes from its extremity. 

400. The ordinary mode of Keproduction in AdhtopUryH seems 
to bo by binary subdivision: it.s spherical bcxly showing an annular 
constriction, which gradually deepens so as to separate its two halves 
by a sort of hour-glas.s contraction; and the connecting band 
becoming more and more slender, until the two halves are completely 
separated. This process of fission, which may be cojnpleted within 
hiuf an hour from its commencement, seems to take place first in 
the contractile vesicle ; fui; each segment very early shows itself to 
be provided with its own (n, o, o,), and the two vesicle.s are com- 
monly removed to a considerable distance from one another. The 
s^ments thus divided are not always equal, and sometimes their 
difference in size is very considerable. A junction of two indi- 
viduals, on the other hand, has been seen to take place in Actlno* 

and has been 8upj>osed to correspond to the * conjugation * 
of IProtephytes ; it is very doubtful, however, whether this junction 
really involves a complete fnsion of the substance of the bodies- 
which take part in it ; and there is not sufficient evidence that it 
has any true generative character. Certain it is that such a 
junction or * zygosis’ may take place, not between two only, bnt 
between severe mdividuals at once, their number being recognized 
by that of tlieir contractile vesicles ; and that, after remaining thus 
united for several hours, they may separate again without Imving 
undergone any discoverable c Wige. 

401, Under the generic name Attuiophrx^s was formerly ranked 
the Isurger but less common Heliozoon now distinguished as Aciino* 
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^phmrium Ekhornii (Fig. 280) ; one important difference coneistiiig 
in the etructure of the radiating pseudopodia, each of which has 
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Actiuo^phfrrium on(li>«arn; r, octosarc ; 

<T, r, contractile vacuoles. 


hen? a firm axi«-filamcxit or ‘ spine/ which, passing through the 
superficial zone, rests on the surface of the central sphere, as shown 
at a ett Fig. 287. This axis is clothed with a layer of soft saroode 
derived from the superficial or cortical zone of the body. Several 
nuclei (n, tj) are usually to be seen eml)edded in the protoplasmic 
mass.— The general life-history of this type corresponds with that 
of Idle preceding ; but its mode of reproduction presents some 
marked peculiarities. The binary segmentation is preceded by a 
withdrawal of the pseudopodia, even their clearly-defined axis 
becoming indistinct and finally disappearing ; the body becomes 
enveloped by a clear gelatinous exudation, which foims a kind of 
cyst ; and within this the process of binary subdivision is repeat- 
eoly performed, until the original single mass is replaced a sort 
of morvXfx (§ 391), each spherule of which shows the distinctac® be- 
tween the central and cortical regions, the fonimr including a si^le 
nu<deus, whilst the latter is strengthened by siliceous deposit ^to 

Ii2 
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a firm mTestmeiit. After retnaining in this state during the winter, 
the young AdinoBpJmriiB come forth in the spring without this 

Fio. 287. 



Man^nal portion of Actinmphceriwn Eickomii^ as soew ia 
optical section under a higher magnifying power : — nny en- 
dosarc; r, ectoaarr ; «, a, o, p8eudopo<iia j nuclei with 

nucleoli;/, ingested food-mass. 

siliceous invostment ; and gradually grow into the likeness of their 
])arent. 

4f02. A large number of new and curious fresh-water forms of 
this type have been recently brought under notice ; of which the 
ijlaihmUtia dedans (Fig. 2^) may be specially mentioned as pre- 
senting an obvious transition to the Pohjc-}jsfiue type (§504). this 
has been found in various parts of the Continent, and also (by Mr. 
Archer*) in Wales and Ireland ; occurring chiefly in dark ponds 
shadcMi by trees and containing decaying leaves. Its soft Barcode 
body is encased by a siliceous capsule of spherical form, reg^arly 
perforated with oval apertures, and supporteil on a long silicified 
peduncle. The body itself, and the pseudojK>dia which itputsfor^ 
mitmgh tho apertures of the capsule, seem closely to correspond 
with Siose of Aeiinoj^hrys , — Reproduction here takes place not 
only binary fission, but by the formation of * swarm spores.’ In 
the first mode, one of the two segments remains in possession of tim 
• 8«s his Memoir on Fresh-wster KcdiolaFt in *• Quart. Joura. of MiiJrosc. 

VoL ix. (imi p. m. 




HELIOZOA OLATHUULINA, 


giiiceous capsnle, whilst the other finds its way out through one of 
the apertures, lives for some hours in a free condition as an Aeti- 
nophrys, and ultimately produces the capsule and stem character- 
istic of its type. In the second mode, numerous small rounded sar- 
(^ode-masses, each possessing a nucleus, are produced within the 
capsule, in what manner cannot bo clearly made-out ; and OTcry 
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CUUfirtifhui degtinM : — A, complete orpinism ; ii, fiwumi- 
spooj, showing nucleus, w, and two contractile V(?8icle« 
nesr its opposite end. 


one of these is enveloped in a firm enveloj)e. set round with short 
m>ines, probably siliceous. These cysts remain for months within 
tne common capsule ; and when the time arrives for their further 
development, tW sarcode-corpuscles slip out of their cjBiM, and 
escape through the orifices of the capsule as fiagellated Monads of 
oval form (Fig. 288 , b,) each having a nucleus, ??> near the base of 
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the flagella, and two contractile vesicles near its opposite end. 
After swarming for some hours in this condition, they change to 
the free Aciino^hrm form, and finally acquire the siliceous capsule 
and stem of the Clathmlina. 

403, Lobosa . — No example of the Tihizopod type is more common 
in streams and ponds, vegetable infusions, &c., than the Amhcea 
(Fig. 289); a creature which cannot be described by its form, for 
this is as changeable as that of the fabled Proteus, but may yet 
be definitely cnaracterizcd by peculiarities that separate it from 
the two groups already described. The distinction between 
‘ octosarc’ and ‘ endosarc’ is hero clearly marked, so that the body 
approaches much more closely in its characters to an ordinary ‘ cell ’ 
composed of cell-wall and cell-con tents. It is through the * endo- 
sarc^ alone, en, that those coloured and granular pai^clcs are dif- 
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Diagrammatic r«'j>r€Kcntnti<>D <>f AmatUi protoui — fc, 
ectosarc ; Kn, ciidosarc; cv, coiitutctilo vcwiele ; N, nucleus ; 

V , psoudopodia ; vil, villous tuft. 

fused, on which the hue and opacity of the lx)dy depend ; its central 
]K)rtion seems to have an almost watery consistence, the granular 
policies being seen to move quite freely ujwn one another with 
every change in the shape of the body ; but its superficial portion 
is more viscid, and graduates insensibly into the firmer substance 
of the ‘ ectosarc/ T’he ectosarc, kc, which is perfectly i>ellucid, 
forms an almost membranous investment to the endosarc ; still it is 
not possessed of such tenacity as to opjx)8e a solution of its conti- 
nuity at any point, for the introduction of alimentary particles, or 
for ttie extrusion of eflVte matter ; and thus there is no evidence, in 
Awtmba and its immediate allies, of the existence of any more 
definite orifice, either oral or anal, than exists in other Khizopods. 
'Fhe more advanced differentiation of the ectosarc from the endo- 
«aro ol is made evident by the effects of re-agentii. If an 

Av*imba radiom be treated with a dilute alkaHne solu^on, the gra* 
ttnloroDd molecular endosarc skrinks togetber and retreats towels 
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the centre, leaving the radiating extensionB of the ectosnro in the 
condition of omciu tubes, of which the waHs are not soluble at the 
ordinary temperature, either in acetic or mineral acids, or in dilute 
alkaline solutions ; thus agreeing with the envelope noticed by 
C/ohn as f> 088 e 88 ed by Pamttwciutn and other ciliated Infimi'ia, and 
wnth the containing membrane of ordinary animal cells. A * nu- 
cleus,* N, is always distinctly visible in Auuvbn, adherent tf) the inner 
jKirtion of the ectosarc, and projecting from tliis into the cavity 
occupied by the cudoBarc ; when most }>erfectly seen, it presents the 
asiKJct (»f a clear tlattened vesicle surrounding a solid and usually 
.spherical nuclwdus; it is reiulily soluble iu alkalies, and first 
expands and then disHoIves when treat*‘«l with aewtic or sulphuric 
acid of nioderutt' strength ; but when treaUd with dilute acid it is 
rendered darker and inure distinct, in coiiHeqneiico ol the precipita- 
tion of a finely granular Kubstaiice in the clear vosiemar spaot^ 
that fiurromula the uuedeolus. A ‘contractile vesiole,* cv, seem# 
also to be uniformly jiresent, though it does not usually make itself 
«o couBpicuouH by its external prominence as it does in Artuiojjhrytf ; 
and the neighbouring part of the body is often prolonged into a 
Bet of villous processes v 1 1 ., the presence of which lias bisiii thought 
by some to mark a sjiecific distinction, but wliich Heeius too variable 
and transitory to be so regarded. 

404. d'he pHCudopcMlia, which are not bo much appendogCH, a« 
lobate extensions of the body itself, are few in number, short, broad, 
and round(Ml ; ami their outlines prcHont a Hharpn<‘8H which indi- 
cates that the substance of which their extxjrior is composed pos- 
sesses considerfible tenacity. No movement of graniileH con Ix) soon 
to tiike ]>lace along the surface of the pseudopodia ; and when two 
*)f these organs come into contact, they scarcely show any disposi- 
tion even to mutual cohesion, still less to fusion of their substance. 
Sometimes the protrusion scHims to be formed by the ectosarc alone, 
but more commonly the eudosarc also extends into it, and an activ<} 
current of granules may Ije seen to pass from wliat was previously 
the centre of the body into the protnide^l portion, when tne latter ih 
undergoing rapid elongation ; whilst a like current may set toward# 
the centre of tdie bcHly from some other protrusion which is being 
withdrawn inU» it. It is in this manner that an Avimha move# 
from place to place ; a protrusion like the finger of a glove being 
first formed, into which the substance of the laxly itself is gradually 
transfernjd ; and another protrusion being put forth, either in the 
#ame or in some different direction, so soon as this transference lum 
been accomplished, or even Ixjfore it is complete. The kind of pro- 
gression thus executed by an Anm ba is described by most observers 
as a ‘ rolling’ movement, this being certainly the asp^t which it 
commonly seems to present •, but it is maintained by MM, ClapariNte 
and Lachmann that the appearance of rolling is an optical iltusioD, 
for that the nucleus and contractile vesicle always maintain the 
same position relatively to the rest of the body, and that * creepinff’ 
would be a truer description of their mode of }>rogression. It is m 
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tbie eotirse of this movement from place to place, that the Amaha 
oacounters particleti which are fitted to afford it nourishmeat; aud- 
it appears to receive such particles into its interior through any 
imrt of the ectosarc, whether of the body itself or of any of its 
lobose expansions ; insoluble particles which resist the digestive 
}:)rocess being got rid of in the like primitive fashion. 

405. It may often be seen that portions of the sarcode-body of an 
Amxha, detached from the rest, can maintain an independent 
existence ; and it is j>robable that such separatiou of fragments is 
an ordinary mode of increase in this group. When a pseudopodial 
lobe has l>een pnt-forth to a considerable length, and has become 
enlarged and fixed at its extremity, the subsetjucnt contraction of 
the connecting portion, instead of either drawing the body towards 
the fixed point, or retracting the IoIkj into the body, causes the 
connecting band to thiu-away until it separates ; and the detached 
portion 8|)eedily shoots out pseudopodial processes of its own, and 
comports itsell in all rcsjwcts as an independent Amoeba. Multi- 
plication also takes jjlace by regular binary subdivision. And an 
issue of* swarm-spores/ which swim ai)out for a time like Infusoria, 
hjw been witnessed by a competent observer.* In the A. tenicola 
discovered by (iivef in earth and dry sand, this process is seen to 
commence in the nucleus, >vhich l>reak8-up into rounded corpuscles 
that diffuse tliemselves through the substance of the endosarc. 
'fhe creature then ceases to take-in food *, its motions become less 
active, and its functions seem to be entirely confined to the nurture 
of the germs, which finally make their way out, and soon attain 
the «ise and as{)ect of their j)arent. — sexual act has been certainly 
reoognizeil os part of the life-liistory of Ani’Ceba ; the union of two or 
more individuals, which may be occasionally witnessed, having 
more the cliaracter of the ‘ zygo.sis’ of Actinopiirys (§ 4fK)). 

4CK). A sarcodic organism discovered by Greef, and named by 
him (Fig. 290), which spreads over the bottom 

of stagnant ponds in the condition of slimy masses of indefinite 
form, exhibits a further advance upon the Amo^^ban type. The 
substance of its body exhibits a very clear differentiation between 
the homogeneous hyaline ectosarc (b, a, J), and the contained en- 
dosaro, which coutaius such a multitude of spherical vacuoles, 5, as 
to have a * vesicular* or frothy aspect When it feeds upon the 
decomposing vegetable matter at the Imttom of the pools it inhabits, 
its boay acquires a blackish hue ; but in other situations it may be 
colourless. Besides the vacuoles, tliere are seen in the endosarc a 
great uum^r of nucleus-like bodies, c, c, and also many hyaline 
globular brilliant bodies,/, f, which are regarded by Greef as germs 
or swarm-spores, developed from nucleoli set free within the general 
cavity of the body by the bursting of the nuclei. This creature, 
during the active period of its life, moves like an Amoeba, either 
by general undulations of its surface, or by special pseudopodial 

♦ Ficf. A. M ‘^Menihly Microac. JonniV* Vol. viii{l872) 

p. f9. 
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estentiious* d. After a time, however, its movemouts coaso, aa4 it 
looks as if dead; but by the giving- way of its eotosaro, a multitude of 
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Pt^lf0mtjxn jxtltMiriA: — a, as it fippcara whvii in amoelKJid motion;— 

II, portion more IiiR^hty magniiircl ; abowing a, a, tho liyaliue octo- 
sarc; h, one of iho vacnoles of tho endowirc; Cy rod*Uko bodies 
wcatterod thryugh the endosarc ; d, protruded extension of ectosarc, 
witU eutiu&arc pawsiug into it ; c, e, uucloi ; y;/, globular hyaline bodies. 

tninute araoobiform bo<lio8 break forth, each having its nucleus and 
o'ontractile vesicle. These at first live as Avyi^hr, but afterwards 
j>as« into a resting state, assuming a spherical or oval-shape, a»d 
then put-forth fiagella,>»y which they swim actively for a time, — 
probably then stjttling-downto develope themselves into the parental 
form. 

407. The Amo&ban like the Actinophryan type shows itself in the 
testaceous as well as in the naked form ; the common^ 
of this being known under the names Arcella and xhe 

})ody of the former is enclosed in a * test’ composed of a homy 
membrane, apparently resembling in constitution the chUine which 
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^ve« soHdii^ to the intefipiinents of Insects ; it is nsnaHy discoidal 
(Pig. 291, c, o) with one race flat and the other arched, the aper- 
bnre being in the centre of the flat side ; and its surface is often 
iimrked with a minnto and regular pattern. The test of pifingm 
E>a other hand, is more or less pitcher-shaped (a, b), and is chi^y 
made up of minute particles of gravel, shell, &c., cemented together. 
In eadi of these genera, the sarcode-body rememblc that of Amxht 
In every essential particular; the contrast being very marked 
betw^n its large, distinct, lobose extensions, and the romi^ngand 
Laojiculating pseudopodia of Oromia (Fig. 283). In each case a 
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IVstiieeous forms of Amobban lihi7.(»})o<ls : — A, D.fflugtn pro- 
ieijhriiiui ; li, Diffingiu oblonga ; C, ArceUa acumintita ; 1>, AtriUa 
iientata, 

detached portion of the sarcoilic bt)dy will put forth pseudopodia of 
its own typo ; and the separation of a bud or geinmulo put forth 
from the mouth of the test seems to be an ordinary mode of propa- 
gation among the Amoebaus thus enclosed. In Arcella it has been 
obwf^ed that the pseudopodia of two or more individuals unite by 
bilges of protoplasm, and afterwards separate; but it seems 
doubtful whether this is a true generative ‘ conjugation,^ or a mere 
* iiygosis.* It has been observed by Biitschli, however, that after 
the separation of three individuals which had been thus united, the 
sarcooic body of one of them had withdrawn itself for a conside- 
rable space from the wall of the test, and that in the liquid which 
filled tlie inteiwol a nuinlxjr of Vibrio-like bodies (8j>ermatozoid8 P) 
swarmed ; while numerous disk-shaped masses of protoplasm lay 
on the surface of the body. After some time these showed lively 
amoeboid movements, creex>ing about between the body of the parent 
and the wall of the test, and ultimately escaping through its orifice. 
Each of them contained a nucleus and contractile vesicle, and 
moved by means of blunt pseudopodia ; and it seems probable that 
they were embryoos which would in time form the characteristic 
ArceEa-test. 

40B. Kany testaceous Amcebans hai^e been recently discovered, 
which form tests of remarkable regularity and sometimes of 
singular beauty; and it is difficult to determine, in many cases. 
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whether the minute plates of which they are composed have be^ 
formed by exudation from their own bodies, or have been picked 
up from the surface over which the animals crawl There can be 
no doubt of this kind, however, in reganl to the Qiuidnda^ 
represented in Fig. 292 ; whose sarcode-body is encased 
in a pear-shaped test of glassy transpanmce, mode up of a great 
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Qitadndti iymmeirim^ with oxUmdod p»uudaj>o(lia. 

number of square jdates which touch each other by their < ^ 
The 8aroode-lx)dy aoes uot usually fill the test; the intervening 
space being occupiwl by a clear liquid, and traversed by bands of 
protoplasm. In the posterior part of the body is seen a large clear 
spbencal nucleus, with a distinct dark nucleolus ; and in front of 
tnis are contractile vesicles, usually two in number. 

409. Ooccoliffis and CoccoHplieraH, — This would seem the 
appropriate place for the description of certain peculiar httle 
bo^s found very extensively diffused over the deep-sea bottom, 
especially abounding in the Globigerina-mud (§ 480), which may be 

• See especiftlly the recent sdniimblo work of I'rof. beicly on the Frt^w^r 

Ehisopods of the United States (1H8<A—It is to rcffirttcd t*^»**i**,*f}^'***7^* 

time and opportunities did not permit him to frdlow-cuvt the me-nistones of tbe 
many Interesting forms which he has described and dgored. 
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oongidoTed a» OLalk in process of formation. It was in the specimens 
of this mud brought up by the ‘ Cyclops’ soundings in 1857, that 
Prof. Huxley first found the CoccoUihs (Fig. 293, 1, 2) which Dr. 
Waliich in 1860 found aggregated in the spherical masses which he 
designated as ‘ coccospheres* (3). Regarding the gelatinous matrix 
in wMch they were imbedded as a new typo of the Mcnierozoa 
described by Haeckel, having the condition of an indefinitely 
extended plasitwcHitm^ Prof. Huxley proposed to designate it by the 
name Batli/yUuif, indicative of its Ixabitat in the depths of the sea ; 
and this idea was accepted by Haeckel, whose representation of a 
living specimen of JBamyhiua, with imbedded coccoliths, is given in 
Fig.l a93, 4. The observations made in the * Challenger’ Expedi- 
tion, however, have not couhrraed this view ; the supposed 
Jia^Jvyhiue being a gelatinous precipitate, consisting of sulphate of 
lime, slowly deposited in wat^^r tt) which strong spirit has been 
add^. What*)ver be their nature, C’oecolitha and Coccospheres are 
l>Qdies of great interest ; since tlieir occurrence in Chalk and in 
very early Limestones (§ 699) is an additional link in the evidence 
of the similarity of the conditions under which they were formed, to 
thcMjo at present prevailing on the sea-bed of the Atlantic and other 
oceans. — Two distinct types are recognizable among tbe Coccoliths, 
which Prof. Huxley luis designate<i respectively dit>r.oI{thn and 
cyathoUtliH, The former are round or oval disks, having a thick 
strongly-refracting rim and a thinner internal portion, the greater 
part of which is occupied by a sliglitly-opaqiie, cloud-like patch 
lyin^ round a central corpuscle ( Fig. 293, 5). In general, the ‘ disex)- 
liths are slightly convex on one side, slightly concave on the other, 
and Hie rim is raised into a prominent ridge on the more convex 
side f so that when viewed etlgtjwise, they present the appearances 
shown in figs. 8, 9. Their length is ordinarily between l-4000tli 
and l-5000th of an inch; but it ranges from l-2700th to 
1-1 1,000th. The largest are commonly frec^ ; but the smallest are 
generally found ind>edded among lieaps of granular particles, of 
which some are probably discoliths in an early stage of develop- 
ment. — The ‘ cyatholiths,’ also, Avhen lull grown, have an oval 
contour; though they are oft<m circular when immature. They 
ore convex on one face, an<l flat or concave on the other; and when 
left to themselves, they lie on one or other of those two faces. In 
eiHier of these aspects, they seem to be composed of two concentric 
zones (fig. 6, 2, 3) surrounding an oval thick- walled central 
cor|>U8cle (i), in the centre of which is a clear space sometimes 
divided into two. The zone (2) immediately surrounding the central 
corpuscle is usually more or less distinctly" granular, and somotimea 
hfts an almost bead-like margin. The narrower outer zone (3) is 
generally clear, transparent, and structureless; but sometimes snows 
radiating stri®. When viewed sideways or obliquely, however, the 
* cyathouihs’ are found to have a form somewhat resembling that 
H shirt-stud (figs. 1, 2, 7). Each consists of a lower plate, 
shaped like a deep saucer or watch-glass ; of a smaller upper plate. 
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which is sometimes flat, sometimes more or less coacavo-coavex ; 
of the oval, thick-walled, flattened corpuscle, which connects tliose 
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CoccoiUhK and Ctfrcoftpheren — 1, 2, 7, Cyatliolitbfi seen obliquely,—- 
3, CoccospUcro, with iiuln'ddtMl eytiiholitiis ; — 4, CoccoIiibK iiulK.‘ddod 
in supposed protoplftfiinio expariHion;— a, Discolith seen in front view,* — 
h, Cyatholitn tk'en in front view, HliowinK,*(l)c<u)tral corjmscle, gni,- 
iiular zone, (8) transimreiit outer zone ; — H, 0, Idscoliths scon edgeways. 

two jdatcH together at their centres ; and of an intermodiatt* 
granular substaiice, which more or less corapletcdy fills up the 
interval ]»etween the two jdat.es. The length of these cyatholiths 
ranges from about l-10tK>th tr> l-8000th of an inch, those of 
l-30(X)th of an inch and under being always circular. — It appears 
from the action of dilute acitls upon the Cuccoliths, that they must 
madnly consist of calcareous matter, as they readily dissolve, 
leaving scarcely a trace l)e}iind. When the cyatholiths are treated 
with very weak acetic acid, the central corjmscle rajudly loses its 
strongly refracting character; and there remains an extremely 
delicate, finely-granular membranous framework. When treated 
with iodine, tliey are stained, but not very strongly ; the inter- 
mediate substance being the most affected. Both discoliths and 
cyatholiths are completely destroyed by strong hot solutions of 
caustic potass or soda. — The Coccospheres (fig. 3) are made up by 
the ^gregation of bodies resembling ‘ cyatholiths' of the larjgest 
size in all but the absence of the granular zone ; they som^mes 
attain a ^ameter of 1- 760th of an inch. — What is their relation to 
the Coccoliths, and under what conditions these bodies are formed, 
are questions whereon no positive judgment can be at present 
given. (See § 710.) 
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Gregakinida., 

410. A very curious animal parasite is often to be met with in the 
intestinal canal of Earthworms, Insects, &c„ and sometimes in that 
of higher animals, the simplicity of whose structure requires that it 
should be ronhed among tne Protozoa. Each individual Gretjariud 
(Pig. 294, a) essentially consists of a largo single cell, usually more 
or less ovate in fonn, and sometimes attaining the extraordinary 
length of hvo-fhirds of an hich.^ A sort of beak or proboscis fre- 
quently projects from one extremity ; and in some instances this is 
fumishea with a circular row of booklets, closely resembling that 
which is seen on the head of Tauiia. There is here a much more 
complete differentiation b(‘twcon the celbinerabrone and its contents, 
than exists either in /Uthiojdirtffi or in Amfjpha; and in this respect 
w© must look upon Gro*j<tr ‘nnt as representing a decided advance in 
organization, lleing nourished upon the juices already pre])arod 
for it by the digestive o]>eratioiis of the animal which it infests, it 
has no necnl of any such apparattis for the introduction of solid 
particles into the inbu-iur of its body, as is provided in the * pseu- 
dopodia* of the Kbizejmds and in the oral cilia of the Infusoria. 
Within tlic cavity of the cell, whose contents are usually milk-whit^ 
and minutely granular, there is generally seen a jiellucid nucleus ; 
and when, as often hap])ens, the cell undergoes duplicative sub- 
division, the process comiiiericeH in a constriction ana cleavage of 
this nucleus. The membrane and its cont{?nts, except the nucleus, 
are soluble in acetic acid. Cilia have been detected both upon the- 
outer and the inner surface; but these would seem ilestined, not so* 
much to give motion to the body, as to nmew the stratum of fluid 
in contact with it ; for such change of place as the animal does 
exhibit, is effected by the contractions and extensions of the body 
generally, as in Aminba (§ 4C>J1). An ‘ encysting process,’ very 
much resembling that of the lower Protophytes, is occasionally 
observed to take place in (h'efjarimv, and seems to be prenarator}^ 
to their multiplication. Whatever the original form of the body 
may be, it becomes globular, ceases to move, and becomes invested 
by a structureless ‘ cyst,’ within which the substance of the body 
undergoes a singular change. The nucleus disappears ; and the sar- 
codic mass breaks up into a series of globular particles, which 
^sdnally resolve themselves (as shown at a, c)into forms very like- 
3iose of Navimlip. These ‘ pseudo-navicelho’ are set-free, in time, 
by the bursting of the capsule that encloses them; and they 
develop themselves into a new generation of Ciregarinaa, first 
paeeiug through an Amoeba-like stage. — A sort of ‘ conjugation’^ 
liae been eeen to take place between two individuals, whose bodies, 
ooming into c-ontact with each other by corresponding points, first 
become more globular in shape, and are then encysted by the- 

♦ See Prof. Ed. V<wi on On^forim pigantm, in Quart, Joiim. 

Wimme. Btslf* N.S., Vol. x. p. 51, and Vol xi., p. m 
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farmation of a capsulo around them both; the partition-walls 
between their cavities disappear; and the substance of the twt> 
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(.'ref/arina itl tljr ICarthwonu : — A, in its ordirmry aspect; 

«, hi its <"iK'ysh'<l C(»iniiti(m ; c, i», showinp; UiviHioii of its 
contents into ps4 ud<»-iiavicellH) ; K, F, free pscudo-imvicelloj ; 
o, IL, fr<‘e anifclK>iik produced from them. 

bodies becomes completely fused toj^ether. But as the product of this 
‘ zygosis’ is the same as that of the ordinary encysting process, 
there seems no sufficient reason for regarding it, like the ‘ conju- 
gation’ of Protophyt(js, as a true Generative act. 

Prof. Haeckel’s Memoirs on Monera and the Gfudrtea Theory will bo 
found in the successive Nos. of the "Jeuaische Zeitschrift.” beginning 
with 18G8 ; and in a coDected form, in the two jMirts of his Btologischoa 
Stodien.’’ The first of his Memoirs on Monero is translated iu “Quart. 
Jonrn. Miertwe. Sci., N.S., Vol. ix. (1869J ; and the’hrst of his Papers on 
the Gatfresa Tiuory in Vol. xiv (1874) of tne same Journal. See aJim the 
x-mluable series of papers on the hre^water Rhizufmch by Mr. Wm. Aioher, 
in the current series of the “Quart. Joum. Micros. Sci.;” the impor- 
tant Memoirs of Hertwig and J..tsser in the “ Archiv fur Mikr. Anat.” 
(especially the Suppl. Heft to Bd. x, 1874), and the Presidential Ad^ 
dresses of Prof. Allman to the Linnaean Society for 1876 and 1877 
(in Nos. 69 and 71 of its Journal) on “Recent Researches on some of 
the more simple Sarcode-Organisms,” of which the Author has freely 
availed himself. 


CHAPTER XI. 

ASIMAJWJULKS. — IXFUHORIA AND ROTIFEllA. 

411. Nothing can bo more vague or scientifically inapproi)riat<i 
tban the title Animalcules; since it only expresses the small dimen- 
sions of the beings to which it is applied, and does not indicate 
any of their characteristic peculiarities. In the infancy of Micro- 
scopic knowledge, it was natural to associate together all those 
creatures which could only be discerned at all under a high magni- 
fying power, and whoso internal structure could not bo clearly 
made out with the iustruments then in use ; and thus the most 
heterogeneous assemblage of Plants, Zoophytes, minute Crustaceans, 
laxTie of Worms, Mollusks, Ac., came to be aggregated with the 
true Animalcules under this liead. The Class was being gradually 
limited by the removal of all such forms as could referred ti) 
others ; but still very little was known of the real nature of those 
that remained in it, until the study was taken up by Prof. Ehren- 
berg, with the advantage of instruments which had derived new 
and vastly improved capabilities from the application of the prin- 
ciple of Achromatism. One of the first aud most important results 
of his study, and that -which has most firmly maintained its 
ground, notwithstanding the overthrow of Prof. Ehreuberg’s doc- 
trines on other points, was the separation of the entire assemblage 
into two distinct groups, having scarcely any feature in common 
except their minute size ; one being of very low, and the other 
of comparatively hujh organization. On the lower group he con- 
ferred the designation of Pohjgmfrica (mauy-stomached), in conse- 
quence of having been led to form an idea of their organization 
which the united voice of the most trustworthy observers now 
pronounces to be erroneous ; and as the retention of this term must 
tend to perpetuate the error, it is well to fall back on the name 
Ii^U 9 or%a, or Infusory Animalcules, which simply expresses their 
alxnost universal prevalence in infusions of organic matter. To 
the higher group, Prof. Ehrenberg’s name Hot if era or Rotatoria is 
on ihe whole very appropriate, as significant of that peculiar ar- 
rangement of their edia upon the anterior parts of tneir bodies, 
which, in some of their most common forms, gives the appearance 
(wh^ the cflia are in action) of -wheels in revolution ; the group, 
however, includes many members in which the ciliated lobes are so 
fomjed as not to bear the least resemblance to wheels. In their 
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general organization, these * Wheel-animalcules* most certainly be 
considered as membm of the Artkidated division of the Animal 
Kingdom ; and they seem to constitute a Class in that lower por- 
tion of it, to which the designation Worms is now commonly given. 
— Notwithstanding the wide zoological separation between these 
two kinds of Animalcules, it seems most suitable to the plan of the 
present work to treat of them in connection with one another; 
since the Microscopist continually finds them associated together, 
and studies them under similar conditions. 

Sectio!* I.—ISFUSOaiA. 

412. This term, as now limited by theseparuti<»ij of the Ehiaopoda 
on the one hand, and of the liotifi-ra on tne other, is applied to a 
far smaller range of forms than was included bv Prof. Ehronb^ 
under the name of * polygastric* animalcules, ^^>r a large section 
of these, including the IhinnididccWf Diaiomoct o^ VtdvonwcBf and 
many other Protopliytes, have Injcn transferred, by general (though 
not universal) consent, to the Vegetable kingdom. And it is not 
impossible that many of the rejmitMl hifmtiria may be but larval 
forms of higher organisms, instead of Wdng themselvtjs complete 
animals. Still an extensive group remains, of which no other 
account can at presimt b(? given, than that the l>eingsof which it is 
ijoraposed go thr<jugh the whole of their lives, so far as we are ac- 
quainted with them, in a grade of existemx? which is essautially 
Protozoic (§ 391) ; each individual apparently consisting of but a 
single cellf thougli its parts are often so highly differentiated, us 
to represent (only, however, by way of analogy) the ‘ organs* of the 
higher animals after which they are usually named. 

413. Among the rillate Infusoria, wliich form notonly by far the 
largest, but also the most characteristic division of the group, 
there is probably none which has not a months or permanent 
orifice for the introduction of food, which is driven towards it by 
ciliary currents ; while a distinct anal orifice, for the ejection of the 
indigestible residue, is also generally present. The mouth is often 
furnished with a dental armature ; and leads to an crsopliagcal canal, 
tlown which the foo<l passes into the digestive cavity. I’his cavity 
is still occupied, however, as in Rhizopods (Ji 403), by the mdosarcof 
the cell; but iustead of lying in mere vacuoles formed in the midst of 
this, the food-particles are usually aggregated, during their passage 
down the oesophagus, into minute pmleSi, each of which receives a 
special investment of firm protoplasm, constituting it a digesiw 
veskle (Fig. 299) : and these go through a sort of circulation within 
the cell-cavity. 

414. The * contractile vesicl<^,’ again, attain a much hijgher 
development in this groui), and are sometimes in connection with tt 
netwo^ of canals channelled -out in the * ectosarc while their rhyth - 
mical action resembles that of the ciretilat<^smd respiratory appBm* 
toads of ^her animals. There is ample evidence, also, of the presence 
of a specially contractile modification of the protoplasmic snostsitioe. 
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haring tlie action (Uiongli not stf nctnre) of mmeular fibre ; 
and toe manner in which the movemente of the active free-swimming 
Inf nnoria are ^hrected, so aa to avoid obstacles and find-out passages, 
seems to indicate that another portion of their protoplasmic sub- 
stance must have to a certain degree the special endowments which 
characterize the nervoun systems of higher animals. — Altogether, it 
may bo said that in the Ciliate Infusoria the Life of the Single Cell 
finds ita higJiest 

415. Before proceeding to the description of the riUate Infusoria, 
however, it will be of advantage to notice two smaller groups — the 
flagelUitCt and the anetorUd — which, on account of the peculiarities 
of their structure and actions, are now ranked as distinct, and of 
whose * unicellular" character there can he no reasonable doubt, 
since they are for the most part * closed* cells, scarcely distinguish- 
able moiphologically from tnose of Protophytes. 

416. FLAGELLATA.—Our knowledge of this tribe has been greatly 
augmented in recent years, not only by the discovery of a great 
variety of new forms, but still more by the careful study of the life 
history of several among them. The Monada, properly so called, f 
which are the smallest animals at present known, are* its simplest 
representatives; but it also includes organisms of much greater 
complexity; and some of its comj)o8ite forms have a very remark- 
able relation to Sponges {§ 508). The Monas lens, long familiar to 
Microscopists as occurring in stagnant waters and infusions ol‘ 
decomposing organic matter, is a spheroidal particle of protoplasm, 
froml-2000tntol -5200th of on inch in diameter, enclosed m a delicate 
hyaline investment or‘ecto«arc,’and moving fn^ely through the water 
by the lashing action of its slender whose length is from 
three to five times the diameter of the body. Within the body may 
bo seen a variable number of vacuoles; arnl these are occasionally 
occupied by particles distinguishable by their colour, which have 
been introduced as food. These seem to enter the body, not by any 
definite mouth (or permanent opening in the ectosarc), but through 
on aperture that forms itself in some part of the oral region near 

• The doctrine of the unicellular uatnro of the has been a subject 

of keen controversy among Zoologists, fj ora the time when it w'as first definitely 
put forward by Von 8iebold (“ Lehrbuclj der vcrgleioh. Ariat.," Berlin, 1846) in 
Op}>Ositioa to the then iMvmmoimt doctiiuu of Ehreuberg as to the complexity 
of their organiRation, wnirb hod a« yet lH*en called in question only by Bujardin 
Kid;, dos Infusoires,” raris, 1H41). Of lattf, however, there has boon a 
decided oonvergeuco of opinion in the direction al»ove indicated ; which has 
boon brought about in great dwOTee by tl»e contrast bedween the J*rotozoic 
ffiinj^icitv of the reproductive and developmental processes in Infusoria, and 
the complexity of the like processes as swu in even the lowe.st of tho Metaaoa 

O , Which has been sptHdally and fotvibly insisted on by Haeckel (** Zar 
der Infusorieo/' Jeuaische Zeitschr., Bd. vii. 1873). — An ext^lent 
ftnmnuury ol the whole discussiou was given by Prof. Allman, in his President^] 
Address to the Linitcen Society in 1875. 

f Ths Fainfiy JkkMSdliMt of £^irenberg and Bujardin consists ui an aggregate 
of mrtns now Ic^wn to be of very dissimUar uatmv, many ot them b^onging to 
Tegeti^e B^ngdom* 
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the base of the Haspllum. In the smallest Motutditm^ neither 
nucleus nor contractue vesicle is diKtinguishul^Io ; but iu larger forms 
a nucleus can be clearly seen. — The life-history of several simple 
Monadinm presenting themselves in infusions of decaying animal 
matter (a cod’s head being found the most i)roductivo material), has 
been studied with admirable i^erseverance and thoroughness by 
Messrs. Ballinger and Drysdalo, of whose important observations a 
general summary will now be given.* 

417. The Monad-form most recently and completely studied by 
Mr. Ballinger — with all the advantages derived from trained ex- 
perience, and under objectives of the highest (quality and greatest 
magnifying power— is the Dailuifjci ia Di'ijaddU (Kent) represented 
in Plate xm. Its normal shape, ns seen in fig. 1, is a long oval, 
slightly constricted in the miadle, and having a kind of pointed 
neck («), from which proceeds a flagellum about half as long again 
as the body. From the shoulder-like projection h behind this {T>, c) 
arise two other long and fine flagella, which ant directed backwards. 
The sarcode body is clear, and apparently structureless, with 
minute vacuoles distributod through it; and in its hinder part a 
nucleus {d) is distinguishable. Tlie extreme length of the btsly is 
seldom more than the 1-4, 000th of an inch, and is often less. ^18 
Monad swims with great rapidity; its movements, which are grace- 
ful and varied, being produced by the action of the flagella, which 
can not only impel it in any direction, but can suddenly reverse its 
course or check it altogether. But besides this free-swimming 
movement, a very curious ‘ springing* action is performed by this 
Monad when the decomposing organic matter of the infusion is 
breaking up, the [)roccss of disintegration being apparently assisted 
by it. The two posterior flagella anchor thcmselvea and coil into 
a spiral, and the body then darts forwards and upwards, until the 
anchored flagella straighten out again, when the body falls forward 
to its horizontal iKisition, to be again drawn back by the spiral 
coiling of the anchored flagella. — ’Ihis Monad multiplies by Ion m- 
tudinal fission ; the first stage of which is the splitting of we 
anterior flagellum into two (tig. 2, a, b), and a movement of the 
nucleus (c) towards the centre. In the course of from thirty to 
eiiciy secomh the tission extends down the nock (fig. a ) ; a line 
of division is also seen at the posterior end (c), and the nucleus (6) 
shows an incipient cleavage. In a few seconds the cleavage-line 
runs through the whole length of the bod}^ the separation being 
widest posteriorly (fig. 4, a ) ; and in from one to four minutes the 
cleavage becomes almost complete (fig. b), the posterior part of 
the body, with the two halves (a and 6) of the original xmcletts, 
being now quite disconnected, though the anterior jmrts are stall 
held together by a transverse band of sarcode, as seen in fig. 6. 
This soon narrows and elongates, as shown in tig. 7 ; and at last it 

* See their soeceeslve In flio “Monthly Hicrosc. Joum./' Vul. x, 

pp, 58, 245 ; Vol xl (1874), pp. 7 , 97 ; VoL xii, (IH74), p. 201 ; and VoLxtii. 

(1875), p. 186 j— and “ Pi-oceciL Koy. Soc.,*’ Tob xxvii. (Ifc78), p, 882, 
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jyiv«8 way, setting? the two bodies entirefy free. The whole process 
o£ fission, from first to last, is completed in from four to seven 
minntes ; and being repeated at intervals of a few minutes, this 
mode of multiplication produces a rapid increase in the number of 
the Monads. 

418. Buch fission does not, however, continue indefinitely ; for 
i^rtain indi\ddual» undergo a peculiar change, which shows itself 
first in the absoq^tion of the two lateral flagella and the great 
development of the nucleus, and afterwards in the formation of a 
transverse granular band across the middle of the Ivody (fig. 8, a). 
One of those altered forms, swimming into a group in the ‘spring- 
ing ^ state, within a few seconds firmly attiiches itself to one of 
them, which at once unanchors itself, and the two swim freely and 
vigorously about, as shown in fig. generally for from thirty-five 
to forty-five minutes. G rad tmll 3 % however, a ‘fusion' of the two- 
IsKlies and of their resjM'ctive nuclei takes place, the two trailing 
flagella of the ‘s])ringing' form being drawn-in (fig. 10); and in a 
short time longer the two anterior flagella also Jisapix^ar, and all 
trace of the sc^jiarate bodies is lost, the nuclei vanish, and the re- 
Hultaut is an irregiilar amceboid mass (fig. 11), which gradually 
acquires the smooth, distended, and ‘stilF condition represented iu 
fig. 12. This is a cyst filled with reproductive particles of such 
extraordinary minuteness, that, when emitted from the ends of the 
••yrt (fig. I Jl) after the lapse of four or five hours, they can only 
be distinguished under an amplification of r>,(XH> diameters, with 
pi‘rfect central ilhimination through an aperture in the diaphragm 
of from l-80th to the l-l()0ih of an inch iu diameter. Yet these 
particles, when continuously watched, are soon observed to enlarge 
and to undergo eloi^atiou (figs. lf»-17); and within two hours 
after their emission from the sac, the anterior flagellum, and after- 
wards the two lateral flagella (fig. 18) can be distinguished. Slight 
movements then commence; the ncck-like protrusion shows itself 
(fig, IP, o, ?/), and in about half an hour more the regtilar swim- 
lumg action begins. About four hours after the escape of its germ 
from the sac, the Monad acquires its characteristic form (fig. 20), 
though still only one-half the length of its parent; but this it 
attains (passing through the stage shown in fig. 21) iu another 
hemr. and the process of multiplication by fission, as already 
ileacribed, commences very soon afterwards. — There can be no 
reasonable doubt that the ‘ conjuicpition* of two individuals, followed 
by the transformation of their tused bodies into a sac filled with 
reproductive germs, is to 1 k' regarded (as in Protophytes) in the 
light of a true gencrafive process; and it is interesting to observe 
the indication of sexual aistinctiou here marked by the different 
states of the two conjugating individuals. — There is every reason 
to Wieve that the etUire Ufe-cyele of this Monad has thus been 
elucidated ; end it will now be sufficient to notice the principal 
diversities observed W Messrs. DalUnger and Brysdale in the hte- 
eycles of the other Monadinc forms which they have studied* 
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419. Tlieir simple wuflngeUale Monad (Monos DaUiiigeri, Kent), 
having an ovate form with a long diameter never exceeding l*4000th 
of an inch, and advancing slowly with a etraighi, uniform niotioii 
like that of Moim^ tenno, differs from the preceding in it» mode 
of multiplication ; for this takes place, not by duplicative iission, 
but by the breaking-up of the sarcodic substance (as in the produc- 
tion of * swarm spores’ by Protophytes) into from thirty to sixty 
segments, which, at first lying closely packed together, make their 
escape as free-swimming Monads, each provided with its JUtgaUtm * 
Conjugation, in this type, occurs between the ordinary forms ami 
certain individuals distiugnished by their somewhat larger size, and 
by tbe granular asiKJct of their sarcode towards the flagellate end ; 
and there is reason to think that the latter have never underg^e 
the segmentation by whicli the former liave been multiplied, llie 
smaller are absorbed, as it were, into the larger; and the latter passes 
after a time into the encysted state, correspond iiig in its subsequent 
history with the preceding tyjH).- -The hi^JliKjdhfa or ‘ acorn’ 
Monaa of the same observers (identifled by Kent with the Pohjtoma 
nvellci of Khrenberg) prcfwmts some remarkable peculiarities in its 
mode of reproduction. Its binary fission oxtenas only to the pro- 
toplasmic substance of its body, leaving its envelope entire ; and oy a 
repetition of the process, as many as Iti segments, each attaining the 
likeness of the parent, are seen thus enclosed, their flagella pro- 
truding through the general investment. This compound state 
l>eing supfKJsed by Ehrenberg to be the normal one, ho named it 
accordingly. But the parent-cyst soon bursts, and sets free the 
exmtained * macro- sjwres,* which swim about fn^ely, and sooii 
attain the size of the parent. Again, the posterior part of the 
lx)dy of certain individuals shows an accumulation of granular 
pro^plosm, giving to that r<^ion a roughened acorn-cup-like aspwt; 
the bursting of the projection, while tne creature is actively swim- 
ming through the water, sets frc*e a multitude of shapeless granular 
fragments, within each of which a minute bactcrium-like corpuscle 
is developed ; and this, on its release, acquires in a few hours the siJW:' 
and form of the original monad. This prtjcess seems analogous 
to the development of ‘ micro-spores’ among Protopbytes, by the 
direct breaking-up of the protoplasm. It is, like the previous 
process, uon-sexual or gonidiaX; the true generative process con- 
sisting here, as in the preceding cases, in the * conjugation* of two 
individuals, with tbe usual results. 

420. A OerMinoiioB {(). Kent), characterized by the pos- 

session of a flagellum at each end, was found to multiply, during 
eight days (and nights) of continuous observation, by trammw 
duplicative subdivision alone. But certain individuals then ex- 
hibited a remarkable change, becoming amoeboid and less active ; and 
when two of these came mto contact, they underwent a com|^lete 
fusion, the product of which was a glooular cyst, with a very 
definite investment, filled with reproductive germs.- -The ‘ springing 
Monad* of the same observers iHetenmita roBtrata^ Kent) is of a 
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long ovate fom, with an average length of aboat l-30(^h of an 
inch. Prom its narrower extremity a sort of beak arises, from 
which proceeds a fine flagellnm about half as long again as the 
body; and at a little distance behind this, another and longer 
flagellum arises, with which the Monad anchors itself to the cover- 
ing-glass, constantly sprin^ng backwards and forwards by its 
recurrent coil and uncoil. A nucleus shows itself near the rounded 
posterior end of the body. This Monad multiplies by longitudinal 
fission, commencing at the beaked end, and completed in six or 
seven minutes ; and the process may be repeated continuously for 
many days. Among enormous numbers, tnere are a few distin- 
guisnable from the others by a slight excess of size, and by the 
power to swim freely ; these lx‘Come ‘ stilT — for a time amoeboid- 
then round; a small cone of sarcode pushes out, dividing and 
increasing into another pair of flagella ; tne disk splits, each part 
becomes ixjssossod of a nuclear body, and two well-formed free- 
swimming Monads are set free. TTioso conjugate with individuals 
of the ordinary form which liave just undergone fission, the nuclei 
of the two apj>roximating to ea(di other ; a complete fusion of sar- 
oode and nuclei takes |)lace ; the body, at first motile, comes to 
rest, assumes a triangular form, and loses its flagella; it then 
becomes clear and distendeil, and emits its contained reproductive 
granules at the anglcs.-^The ‘ hooked Monad’ (Jlcteromito nndnata^ 
Kent) is another bi- flagellate form, usually ovate with one end 
pointed, and from 1-dOOOth to 1 •4000th of an inch in length ; being 
ilistinguished from the preceding by the peculiar character of its 
flagella, of which tlie one that projects forward is not more than half 
tlie length of the body, and is permanently hooked, while the other, 
whose length is about twice that of the bouy, is directed backwards, 
flowing in graceful curves. Its motion consists of a succession of 
springs or jerks rapidly following each other, which seems pro- 
duced by the action of the hooked flagellum. Multiplication takes 
place by tnimva'ac fission, and continues uninterruptedly for seve- 
ral days. A difference then becomes perceptible between larger and 
smaller individuals ; the former being farther distinguished by the 
jnresence of what seems to be a contractile vesicle in the anterior 
part of the body. Conjugation occurs between one of the larger 
and one of the smaller forms, the latter being, as it were, absorbed 
into the lx>dy of the larger ; and the resulting product is a spherical 
cyst, which soon begins to exhibit a cleavage-prooess in its inte- 
nor, ^is continues until the whole of its saroodic substance is 
subdivided into minute oval particles, which are set free by the 
rupture of the cyst, and of which each is usually furnished with a 
single flagellum, by whose lashing movement it swims ficaely. 
11}^ gems ]^>e^ily attain the sise and form of the parent, and 
then begin to multiply by transverse fission — ^thus completing the 
* genetio^ cycle. 

481. The 'calycine Monad’ of the same observers 

Perty), has a length of from 1 -900th to 1-lOOOth of an 
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iiicli, and a compressed body tapering backwards to a poini Its 
four dagella (which constitute iU generic distinetSon) arise nearly 
together from the flattened front of the body; and its swim- 
ming movement is a graceful gliding. Near the base of thefiagella 
is a pair of contractile vesicles ; and further behind is a lam 
nucleus. Multiplication takes place by longitudinal fission, wMeh 
is preceded by a change to a semi-amaiboid state. This gives 
place to a more regular pear-like form, the four flagella issuing 
from the large end ; and the fission commences at their base, two 
pairs being separated by the cleavage-plane. The nucleus also 
undergoes cleavage, and its two halves arc carried apart by the 
backward extension of tin* cleavage. The two half-bcKiies* at last 
remain connected only by their hin<ler prolongations, which 8|>eedily 
give way, and set them free. Each, however, has, as yet, only two 
dagella ; but these speedily fix themselves by their free extremities, 
undergo a rapid vibratory movement, and in the course of about 
two minutes split themselves from end to end. A still more com- 
plete change into the annoboid condition, in which the creature not 
only moves, but alrtt^feeds, like an Aimeba (devouring all the living 
and dead Bacteria iriTts neighbourhoo<l), occurs previously to * conju- 
gation;’ and this takt!H place between two of the aminboid forms, which 
l>egin to blend into one another almost immotliately upon coming 
into contact. 'The conjugated bodies, however, swim freely about 
for a time, the two sets of tlagclla apparently acting in concert. 
But by the end of about eighteen hours, the fusion of the bodies 
and nuclei is conij)h‘.t<‘, the Hugella are retracted, and a spherical 
distended sac is then formed, which, in a few hours more, without 
any violent s[)litting or breaking up, sets free innumerable masses 
of reproductive jiarticles. These, under a magnifying power of 
3,500 diameters, can be just recognized as oval granules, which 
rapidly develope themselves into the likeness of their parents, and 
in their turn multiply by duplicative fission, — thus completing the 
‘ genetic’ cycle. 

422. One of the most inmortant rescarchoB thus ably prosecuted 
by Messrs. Ballinger and Drysdaie, has reference to the Tempera- 
tures resfiectively endurable by the adult or developed forms of 
these Monads, and by their reproductive germs. A large number of 
experiments upon the several forms now described, indubitably Jed to 
the conclusion that all the adult forms, as well as all those which had 
reached a stage of development in which they can be distinguished 
from the repr^uctive granules, are utterly destroyed by a tempe- 
rature of 150^ Fahr. But, on the other hand, the reproductive 
granules emitted from the cysts that originate in ‘conjugation,' 
were found capable of sustaining a Jluid heat of 220^, aud a^ dry 
heat of about ‘d(F more,— those of the Cercomonad surviving 
exposure to a dry heat ot 300° Fahr. This is a fact of the highest 
interest in its bearing on the question of ‘ spontaneous generari^’ 
or Abiogenesis ; since it shows (1) that germs capable of surviving 
desiocauon may be everywh^e diffused through the air, and fnay. 
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OB account of tbeir extroi^ minuteuess (as they certainly do not 
exceed 1 •200,000th of an inch in diameto), altogether eecape the 
tno^ careful scrutiny and the most thorough cleansing processoH ; 
while (2) their extraordinary power of resisting heat will prevent 
these germs from being killed, either by boiling, or by dry -heating 
up to even B^ahr.* 

4^. The structural resemblance of these simple B’lagellate Infu- 
soria to the * monads* of Vo1voj6 and its allies (§ 237), is so close that 
no other than physiological reasons can be assigned for separating 
thenu Whilst the Volvoclntuv grow and multiply under conditions 
which seem to justify our ivganling them as members of the Vege- 
table Kingdom ii 22)), the ‘llagcllated’ agree with the * ciliated’ 
Ififmoria in ordinarily drawing their nutriment from organic coru- 
):^unds ; and it seems clear that, although unpossessed of a moutl). 

can introduce solid food- particles into the interior of their 
uwies. It is, however, not a little remarkable that (according to 
the statement of Messrs. Dallingcr and Drysdalef) these B*lageUatit 

like BachrUi and other forms referred to the group of B^uugi — 
can be cultivated in (John's ‘ nutritive fluid’ (§ 303, noie)^ which 
consists only of tartrate of ammonia and mineral salts, without any 
albuminous matter. 

^ series of more complex forms of Flagellate Infu- 

sona ims been recently brought to our knowledge by the researches 
of the la^. IVof. Jarnes-CJlark (U.S.),J followed by those of Stein and 
Saville iveiit. In sonic of these, a sort of collar-like extension of what 
appears to be the sarcodic ectosarc, proceeds from the anterior 
tjxtromity of the btwly (Fig. 295, r2), lorming a kind of funnel, 
from the Ijottom of which the Hagellum arises; and by its vibra- 
^ns a current is produced within the funnel, which brings down 
food -particles to the ‘ oral disk’ that surrounds its origin, where the 
t^tosarc seems softer than that which envelopes the rest of the 

Towards the base of the collar, a nucleus («) is seen ; while, 
near the posterior termination of the body, is a single or double 
oo^ractile vesicle rv. The body is attached by a pedicle pro- 
from its posterior extremity, which also seems to be a 
pmlongatiOQ of the ectosarc. — These Animalcules multiply by lon- 
gituuioal fission ; and this, in some cases (as in the genus Mono^xga) 
proce^ to the oxt<mt uf a complete separation of the two bodies, 
wlum henemorth, as in the ordinary Monadina, live quite iude- 
penaenuy of each other. But in other forms, as Codoei^a^ the 
nsmon does not extend through the pedicel ; and the twin bodies 
beiiig thus held together at their bases, and themselves undergoing 


of the special apparatus uwmI by Messrs. Dallinger and Bryndal** 
found in ‘‘Monthly Micr. Joura., " Vol, xi. n«74X 
165; and “Proceed. Hoy. Sue. ” Vol. xxvSi. 

i Journal," Vol. xiii. (1875), p. m. 

Set. 4, Vol. i. (1888) ; \o!. vu. (18711 ; and Vol. ix, (1872> ^ ^ 
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Juplioative fission, cluHters are produced which «prii^ from cotnHion 
l^edicela (Fig. 296). Aud bj the extensiou of the division down tlie 
))edicel8 themselves, composite arborescent fabrics, like those of 
-Zoophytes, are pr*Hlna‘d. 

/ 






SIii^'! ‘ /,in)i(] of * tHloMi'ifti titiiht'/lufa — r’/, c<»llar ; a, mu'li UH; 

( r, (ioithlo vosicli^ 

\1\ In another group, a structureless and very transparent 
horny calyx, closely resembling in miniature the polype-cell of 
ii Oampanniaj'io {folate xx.), forms itself round the bony of the 
Monad, which can retract itself into the >>ottom of it. And in the 
gen as both calyx and collar are present. In some 

forms of this group, multiplication seems to take place, not by 
fission, but bjr gf?mmation ; and, as among Hydroid Polypes, the 
tjemmiH may either detach themselves and live independently, or may 
remain in connection with their parent-stocks, forming composite 
fabrics, in some of which tlie calyces follow one another in linear 
series, whilst in others they take on a ramifying arrangement. 
While some of these composite organisms are sedentary, others, as 
Dmobrnon^ are free-swimming. 

426. Two solitary Flagellate forms, Anihophjjsa and Anuomvmt 
may be specially noticed as presenting several interesting points of 
lesemblance to the peculiar type next to be described ; the most 
noticeable being the presence of a distinct mouth, and the poesessm 
of two different motor orgiMis—one a comparatively stout and stiff 
bristle of uniform diamefir thronghont, which moves by occaskmal 
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jerks } and tke other a very delicate tapering Sagellnm, which 
1 * constant vibratory motion. If, as appears from the recent 
observations of Biitschli, the well-known Aatasia — of which one 
8|wies has a blood-red colour, and sometimes multiplies to such an 


Ffo. 



Cmhmffa um/tfUatn : — colony sU»ck, S|»nfjg:ii)g from single pedicel 
tripartiPdy braiicluMl. 

extent as to tinge with it the water of the ponds it inhabits — has a 
tmo mouth for the reception of its food, it must be regarded as 
an Animal, and separated from the Euglena (with which it has 
been generally associated), the latter being pretty certainly a Plant 
belonging to tlie same group as Volvojc* 

42?. There can be no longer any doubt that the well-known Nodi- 
lucm miliar is — to which is attributable the diffused luminosity that 
Iroqnently presents itself in British seas — is to be regarded* as a 
gmantic type of the * unicellular' FloijeJlata, This animaX which is of 
spneroidal form, and has an average diameter of about 1 00th of an 
inch, is just large enough to be discerned by the naked eye when 
the water in which it may be swimming is contained in a glass jar 
held up to the light ; and its tail-like appendage, whose length about 
equals its own diameter, and which serves as an instrument of 
locomotion, may be discerned with a hand-magnifier. The form of 

« the Memoir by Prof. Btttschli, in ** Zeiischrift f. Wtssensch* Zool.,** 
Bd.xxx:. 1 of which an abridgment (with Plate) ia given in ** Quarts ^onm. 
Mkfoac. Sot," Vot xix. (l»T9> p. 63, 
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NodUuca ia that usf a sphere, so compressed that while on 

one a8pect(Fig.i297 , a) its outline, when projected on a plane, is nearl) 


Fiq. 297. 



XiKdfHca 7ni!i<ins, iih M'en at A on tho nborul Hitlo, mid at u on a piano 
Jit ngUt ntigK‘8 to it : — o, entrance to atrium; 6, atrium ; c, auportEloidl 
ridge; d, Umtacle; c, month leading to (esophagus, within which are 
Moeu ttw flagellum Hpringiug from it« laiso, and the tooth-liko process 
projecting into it from above; /; broad process from tho contmf proto- 
plasmic mass, iir<.H'eedmg to superficial ridgt» ; ff, duplicaturo of wall ; 

/i, tiuchms. — Mugiiiliml about 99 diameters. 

circular, it is irrcgtflarly oval in the aspect (n) at right angles to 
this. Along one side of this body is a meridional grove, rcnem- 
bling that of a peach ; and this leads at one end into a deep de- 
pression of the surface, «, termed the alrium, from the ghallowei 
commencement of which the tcntach^ d,* originates, whilfit it 
deepens down at the base of the tentacle to the mouth, e. Along 
the opposite meridian there extends a slightly elevated ridge, c, 
which commences with the api>earance of a bimrcation at the end 
of the atrium farthest from the tentacle ; this is of firmer consss* 
tence than the rest of the body, and has somewhat the appearance 

• Tho organ here termed ' tentacle’ l« commonly demg\ia.ied flagellum { whilfl 
Wh&t is hero termed the ^ftagellum is s{H>kon of by na)st of those who litVfl 
racognlsod it, as a ntfioit. The Author agrees with M. llobin in considering: thf 
fmmer organ, which has a remarkable resi^mblance to a single fibrlllaof otrutted 
muscle (J 67^ os one peculiar to Aoctffuca t and tho latter as tlie tame homo^ 
logne of the nagellnm of the ordinary FiageU&ta. — It is curious that sevsnd 
ohserverH have been unable to discover the so-ealU»d cilium, which was Itrst 
notioed by Krohn. Prof. Huxley sought for it in at least fifty toditiduftli 
without success ; and out of the great number which ho aftorwow oxamiiisd, 
did not get a clear view of it in more than half-a-dossoa. 
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of a rod imbedded in its walls. The month opens into a short 
<fisopliagn8, which leads directly down to the gr^ central proto- 
plasmic mass ; on the side of this canal farthest from the tent^le, 
18 a firm ridge that forms a tooth-like projection into its cavity ; 
whilst from ite floor there arises a longjla/yeiiaia, which vibmtes freely 
in its interior. The central protoplasmic mass sends off in all direc- 
tions branching prolongations of its substance, whose ramifications 
inoculate; these liecome thinner and thinner as they approach the 
periphery; and their ultimate filaments, coming into contact with 
the delicate membranous body-wall, extend themselves over its in- 
terior, forming a protoplasmic network of extreme tenuity (Fig. 
Besides these branching prulongationa, there is sent off from the 

Fio. 208, 



Portio)i of suiMuflcial pn»t()phsmio reticulatiou, formed by 
mmifiication of an oxteiiBiou u of cootral mass. — M&guitirMi 
1000 diamcU*rs. 


central protoplasmic mass a broad, thin, irregularly (jaadrangular ex- 
tsnsbn (Fig. *297 b./), which extends to the superficial rod-like ridge, 
and seems to coalesce with it ; its lower free edge has a thicken^ 
border ; whilst its up[>er edge becomes continuous with a plate-like 
striated struciun?, g, which seems to be formed by a peculiar dnpH- 
catore of the body-walL At one side of the protoplasmic mass is 
seen a spherical vesicle, k, of about 3-2000Uis of an inch in di- 
ameter, having clear colourless contents, among which transparent 
ovid oorpus<fles may usually be detected. This, from the clumges 
it tmdex^oes in connection with the reproductive process, must be 
regarded as a nuciUms. 


The particles of food drawn into the month (probably by 
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the vibrations of the flagellum) seem to be received into the proto* 
plasmic mass at the bottom of the oesophagus by extensions its 
sabstauoe, which envelope them in filmy envelopes that maintain 
themselves as distinct from the surrounding protoplasm, and thus 
constitute extemporized digestive vesicles. Tixese vesicles soon find 
their way into the radiating extensions of tho central mass (iw 
shown in Fig. 297 a, «), and are ensheathed by the protoploaraio 
substance which goes-on to form the jxcripheral network (Fig. 299). 
Their number and position are alike variable ; sometimes only one 

Fio. 



uf bigostivc Vesiclos of Snvfihn'ti^ roui'MO r»f 

<*xfwijsi()u of wiitrnl |»roto|)lnKmi<‘ umKs n, to fomi porii>lir*nil 
ivtiriOfttion h, and containing remains of Algi5.—Miignifi<‘d 
4HU diamoters. 


or two arc to be distinguished ; more commonly from four to e^ht 
I'an lx? seen ; and even twelve or more an? occasionally discernible. 
The place of each in the body is constantly l»eing changed by the 
contractions of the protoplasmic substance ; these in the first place 
<-,aiTyiug it from the centre towards tho periphery of the body, and 
then carrying it back to tho central mass, into whose substonoe it 
seems to be fused as soon as it has discharged any indigestible 
material it may have (tontained, which is got rid of through the 
mouth. Every part of the protoplasmic reticulation is in a state of 
incessant change, which serves to distribute the nutrient material 
that finds its way into it through the walls of tho digestive vwn* 
cles; but no regular ryclotth (like that of plants) can be o^ervea 
in it. Besides the ‘ digestive vesicles,* vacuoles filled with clear 
fluid may be distinguished, alike in the central protoplasmic n^ss# 
and in its extensions, as is shown in the centre or Fig. 297. There 
is no contractile vesicle. i t.* vu 

429. The peculiar ‘ tentacle’ of Noctilnr/i is a flatten^ wmp-uJte 
filament, gradually tapering from its base to its extrenuty ; the two 
flattened mces being directed respectively towards and away from 
oral aperture. When either of its flattened fa^s w examine^ 
it shows an alternation of light and dark spaces, 
resembling those of striated muscular fibre, except that the omaar 



m 


MICBOSCOPIC FOEMS OF ANIMAL LIFE. 


utmoes are not subdivided. But when looked-at in profile, it is seen 
iliat between the striated band and the aboral surface is a layer of 
granular protoplasm. The tentacle slowly bends over towmrds the 
month about five times in a minute, and straightens itself still 
more slowly ; the middle portion rising first, while the point ap- 
proaches the base, so as to form a sort of loop, which presently 
straightens. It seems probable tbat the contraction of the sub- 
stance forming the dark bands, produces the bending of the filament; 
whilst, when this relaxes, the filament is straightened again by the 
elasticity of the granular laycr.^ 

430. The extreme transparence of XacAllum, renders it a particu- 
larly favourable suVijectfor the study of the phenomena of pnospho- 
rescence. "When the surface of the sea is rendered luminous by the 
general diffusion of Nodilucin, they may be obtained by the tow-net 
in unlimited quantities ; and when trausferxed into a jar of sea- 
water, they soon rise to the surface, where they form a thick stra- 
tum. The slightest agitation of the jar in the dark causes an 
instant emission of their light, which is of a beautiful greenish 
tint, and is vivid enough to l>e perceptible by ordinary lamp-light. 
This luminosity is but of an instant’s duration, and a short rest is 
required for its renewal. A brilliant, but short-lived display of 
luminosity, to lx> followed by its total cessation, may be produced 
by electric or chemical stimulation. Professor Allman found the 
audition of a drop of alcohol to the water containing specimens of 
ATocfiliiCrt, on the stage of the mici'oscope, produce a luminosity 
strong enough to be visible under a half-inch objective, lasting with 
full intensity for several second.s, and then gradually disappearing. 
He was thus able to satisfy himself that the special scat of the 
phosphorescence is the peripheral protoplasmic reticulation which 
lines the external stmeturelesH membrane. 

431. The reproduction in this interesting type is effected in various 
ways. Accoraiug to Cienkowsky, even a small poilion of theproto- 

S lasm of a mutilated Noctiluca will (as among EhizojMxls) reproduce 
tie entire animal. Multiplication by fission or binary sub-aivision, 
beginning in the enlargement, constriction, and separation of the 
two halves of the nucleus, has been frequently observed. Another 
foral of non-aexual reproduction, which seems parallel to the 
* swarming' of many Protophytes, commences by a kind of encyst- 
ing process. The tentacle and fiagellum disappear, and the month 
gmaually narrows, and at last closes up ; the meridional groove 
also disappears, so that the animal becomes a closed hollow sphere. 
The nucleus olongatos, and becomes transversely constrictea, and 
iiii two Wves separate, each remaining connected with a portion of 
ib© protoplasmic network. This duplicative sub-division is 
repealed over and over again, until as many as 512 ‘ gemmules* are 

• Aeoording to Hohin, the * tentacle' of ytKiilum is derived conjointly from 
t|ke oell-wall and fiOm its contained protoplasm ; being tltus differentiated alilm 
ftmn the * ftageUnm,’ which he regards as an catension of the ktOtr alone, and 
frotti a which is an extension of theybriner. 
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formed, eaeh conaistiag of a nuclear particle enveloped hy & proto- 
plasmic layer, and each having its flagellum. The entire aggre- 
gate forms a disk-like mass projecting from the surface of the 
sphere ; and this mass Hometimes detaches itself as a whole, sob- 
sequently breaking up into individuals ; whilst, more commonly, the 
geminules detach themselvtis one by one, the separation Iwjginning 
at the margin of the disk, and proceeding towards its centre. — The 
gemraulea are at first closed monadiform spheres, each having a 
nucleus, contractile vesicle, and fiagelliim; the mouth is snbse- 
<iuently formed, and the tentacle and penuaiiont tiagellnra after- 
wards make their a])pearance, — A jirocess of ‘conjugation* has 
also been observed, alike in ordinary Nocttlnaf' and in their closed 
or encyated forms, which seems to be sexual in its nature. Two in* 
dividuals, applying their oral gurface.s to each other, adhere clotely 
together, and their nuclei become connected by a bridge of proto- 
})lasmic substance. The tentacles are thrown off, the two oodicK 
gradually coalesce, and the two nuclei fuse into one. The whoh^ 
pnx^esa occupies about five or six hours, but its results have not 
been followed out.* 

4“J2. Intermediate between the proper flatjvlhjtte, and the true 
ciliatc Infusoria, is the small group of C ill o^fliKjellata, in which, 
while the body is furnished with rows of cilia, a flagellum is also 
present. Although this group does not contain any great diversity 
of forms, yet it is speciwly wortliy of notice, on account of the 
(iccasional appearance of some of them m extraordinary multi- 
tudes. This is the case, for example, with the l\^ridimim ohieTf^d 
by Prof. Allman, in 1854, to be imparting a brown colour tO the 
water of some of the large ponas in l^hoonix Park, Dublin; 
this colour being sometimes uniformly dift’used, and sometimes 
showing itself more deeply in dense clouds, varying in extent from a 
few square yards to upwards of a hundred. The animal (Fig.300,4,B) 

Fio. 300. 



PeruUninm ulrtrrimum; — A, i>, Front and Imck vit‘W« j c, Kncystcd 
stage ; l>. Duplicative aubdivision. 


• NiKiiluca lias l>«eu the Hubiecl of numerous Memoirs, of which the follow- 
ing are the most recent : (Henkowski, Arch. f. Micr. Anat.,” B<L vfi (187^, 
p. 181, and. Bd, ix. ( 1878 ). p. 47* AllinAu, “QuarU Jouni. Micr. 8ci,»^ N.S., 
Vol. xii. (1872), p, «27 ; Robiu, de l Aiiat. et de PhyaloL,” Tocn xiv. 

(1878), p. W ; cud Vignal, ** Arch, de Physiol.,"’ 8er. 2, Tom. v.(l878), p. 418* 
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has a form approachiof^f the spherical, with a diameter of from 
l*1000th to l-fibOOth of an inch ; and ia partially divided into two 
hemispheres, .by a deep equatonal furrow, whilst the flagellum - 
bearing hemisphere, a, has a deep meridional groove on one side, 
hf extending from the equatorial groove to the pole ; the flagellum 
taking its origin from the bottom of this vertical groove, near its 
junction with the equatorial. The cilia, in this form, do not seem 
to be disposed in special bands, but are distributed over the general 
surface of the body; but in sevenil other Ptridinians (Fig, ^101), 


Ft(». 



1 , C€ratium trijfot ; 2 , Ceratimn Otr(a. 


whose bodies are partially invested by a firm tlie cilia are 

arranged in special xones. It is questionable whether any definite 
month exists in this tyj>e ; but it seems certaiu that alimentary 
parUcles are received into the interior of the Ixidy, becoming en- 
cloeed in ‘ digestive vesicles.’ A ‘ contractile vesicle ’ has been 
rarely observed ; but a large nucleus, sometimes oval, and some- 
times horseshoe-shaped, perns always present, llie Peridinia 
mnliiply by transverse fission (Fig. 300, n), which commences in the 
subfiMsion of the nncleus, and then shows itself externally in a 
conetriotioa of l^e nngrooved hemisphere, parallel to the equatorial 
furrow. They pass into a quiesoent condition, snbaiding towards the 
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bottom of tbd water ; aad the loricated forma appear to throw oft' 
their envelopes. But whether these changes are preparatoir to any 
process of conj*.igation, is not known.- Some of the Peridlnia are 
found in sea-water; but the mcst remarkable marine forms of the 
cllip^ftagellato group belong to the genus Oeratkm (Fig, 301), in 
which the cuirass extends itself into long horny ap|>endages. 
In the Om'a.ilum tripos (1), there arc three of these appcmdages ; two 
of them curved, proceeding from the anterior portion of the cnirass, 
and the third, which is straight or nearly so, from its posterior 
portion. They are all more or loss jagged or spinous. In Cera- 
tmni furra (2), the two anterior horns art^ prolonged straight for- 
wards, one of them being alwa^^s longer than the other ; whihit the 
posterior is prolonged straight backwards. The anterior and 
posterior halves of the cnirass are 8ci>arated by a ciliated fuww, 
from one point of which the flagellum arises ; and at the origia of 
this is a deep depression, into which the flagellun; may be com^tolv 
and suddenly withdrawn. Whether this is, or is not, a tme moutli 
leading into the cell-cavity, has not yet been a8certained,‘-«Tho 
Author has found the Cemtium tripos extremely abundant in J^am- 
lash Arran ; where it constitntoa a principal article of the food 
of the Vomaiulo} that inhabit its bottom.* 

433. Surimia. — TlmsKctorUd f nfu nor ia constitute a well-marked 
group, — all belonging to one family, Acmcftno, — the nature of 
which has been until recently much misunderstood, chiefly oh ac- 
count of the parasitism of their habih Like the typical Monadina, 
they are closed cells, each having its nucleus and contractile 
vesicle ; but instead of freely swimming through the water, they 
attach themselves by flexible ]>cduncles, sometimes to the stems 
of VftrdceUina^, but also to tilamentous Algao, stems of Zoophytes, or 
the bodies of larger animals. Their nutriment is obtaiuea through 
delicate tubular extensions of the ociosarc, which act as suctoml 
tentacles (Fig. 302) ; the free extremity of each being dilated into 
a little knob, which flattens out into a button-like disk when H is 
applied to a food-particle. Free-swimming Infusoria are captured 
by these organs, of which several quickly bend over towards the one 
which was at first touched, so as firmly to secure the prey ; and 
when several have thus attached themselves, the movements of 
the imprisoned animal become feebler, and at last cease altogether, 
its bo<y being drawn nearer to that of its captor. Instead, how' 
ever, of being received into its interior like the prey of AdinopJirys 
(§ 399), the captured Animalcule remains on the outside; but 
yields up its soft substance to the suctorial power of its victor. Am 
soon as the sucking disk has worked its way through the envelope of 
the body to which it has attached itself, a very rapid stream, indicated 
by toe gi^nules it carries, sets along the tube, and pours itself into 
the interior of the Acineta-body. Solid particles are not received 
through these suctorial tentacles, so that the Acinetma cannot be 

• 8€« Allnum in "Quart Mior. JTimm.,” Vol. iii. (1855), p. t4; and B.dmues- 
Ctet in " Ana. Kat. Hist/* 8«r. 3, Vol xviii. (1836), p. 
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fed witli indigo or carmine ; Lut, so far as can be ascertained by 
observation of what goes on within their bodies, there is a general 

Fio. 



Suctorial lu/munria : — 1, Cui)jugat)oti of JUxiophiifti quailripartila ; 

2, Fonimtion of oinbryoa by oul«rg<‘im*nt anti nulKlivisiim of tho 
uaclous ; il, Ordinary ftjrm of tlu? Hame; 4, Pixhqihrya tkmgnta. 

protoplaHmic njclosu^ without the formation of any special * diges- 
tive vesicles." — The ordinary forms of this group are ranked under 
the two genera and Poihphrffa ; which are chiefly distin- 

guished W the prestmee of a firm envelojje or lorka in the former, 
while tho body of the latter is naked. In one curious form, the Ophio^ 
dmdron, the suckers uro borne in a brush -like expansion on a long 
retractile proboscis-like organ. And the rare J> 7Jdr< /so whose 
siawi is comi>aratively gigantic, forma by continuous gemmation an 
arborescent * colony," of which the individual members remain in 
intimate connection with one another. 

434. Multiplication in this group seems occasionally to take 
place by longitudinal fission ; but this is rare in the adult 
state* Sometimes external gemmoi are developed by a sort of 
pinching-oflt of a part of the free end of the body, which in- 
cludes a portion of the nucleus; the tentacula of this bud dis* 
^peor, but its surface becomes clothed with cilia ; and, after a 
short time, it detaches itself and swims away— comporting itsetf 
Rubscqoenily like the internal embryos, whose producUon seems 
the more ordinary method of propagation in this type, These 
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ormnato in tSie broaHn^-up of Ibo nudctis into sovorol segments* 
each of which encloses itself in a protoplasmic envelope ; and this 
becomes clothed with cilia., by the vibrations of which the embryos 
are put in motion within the body of the parent (3?'ig. 302, 2), from 
which they afterwards escape by its rupture. In this condi6on (a) 
they swim about freely, and seem identical with what has been 
described by Ehrenberg as a distinct generic form, Mnjatrieha, And 
according to the recent observations of Mr. Budewk,* these 
fnchd-forma multiply freely by self-division. After a short time, 
however, they settle down uixm filamonhius Alg.o or other supports, 
lose their cilia, put forth suctorial tentacles (which seem to shoot 
out suddenly in the first instance, but arc afterwards slowly re- 
tracted and protruded with a kind of spiral movornout), andaHsumo 
a variety of amenbiform shapes (Fig. 303, ], 2, 3), some of tliem 
corresponding to that of tho genus Trivhoi^hrifa. In this stage 
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Inmiaiurc f('nns of l*oiJophriia fptatl ripartlUi : — 1, Ainrioboid state 
(^7'rkhophrya of <.'lapare<Io and Lrtclitna»n)i % eanio iiwm? 

advanced ; 3, Incipient divixion into lobes. 

they become quiescent at the approach of winter, the suctorial 
tentacles and the contractile vesicles disappearing ; they do not, 
however, seem to acquire any special cnvelojie, remaining as clear, 
motionless, protoplasmic particles. But with the return of warmth 
their development recommences, a footstalk is formed, and they 
giWually assume tho characteristic form of rodophrya ^uadn- 
partita . — A regular ‘ conjugation’ has been observed in this type, 
the body of one indiridued bending down so os to npply its fwe 
surface to the corresponding part of anotlier, with which it becomes 
fused (Fig. 332, 1) ; but whether this always precedes the produc- 
tion of intemai embryos, nr is any way preparatory to propaga* 
tion, lias not yet been ascertained.f 

• ^ Jounu of Koy. Micmuc. SocJ’ Vol. iiljjflSSO), p. 3C.5. 
t 51ic Actnedna were described both 1^ Enreubcig and DB|«rdin ; bnt tho 
L L 2 
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it is in ^ tribe of Auimaldulea tlxatfclie aolion 

+f (^'^^‘■0' lias the most important connection with 

the vital functions, it seems desirable here to introduce a more 
pamculM notice of them. They are always found in connection 
With eell$f of whose protoplasmic substance they may he considered 
aft extensioas, endowed in a special deg-ree with its characteristic 
conlraotility. The form of the filaments is usually a little flatten^, 
tapering gradually from the base to the point. Their size is ex- 
tremely variable ; the largest that have been observed beingabout 
I’SOOtn of an inch in length, and the smallest about 1^-13, 000th, 
When in motion, each filament appears to bend from its root to its 
point, returning again to its original state, like the stalks of corn 
when depressed by the wind ; and when a number are affected in 
succession with this motion, the appearance of progressive waves 
following one another is jiroduced, as when a corn-field is agitated 
by successive gusts. When the ciliary action is in full activity, 
liowcver. little can bo distinguished save the whirl of particles lu 
the surrounding fluid ; but the back- stroke may often bo perceived, 
when tbe forward-stroke is made too quickly to be seen; and tho 
real direction of the movement is then opposite to the apparent. In 
this biick-sirokc, wlveii made slowly enough, a sort of ‘feathering' 
action may bo observed ; the thin edge being made to cleave the 
liquid, which has been struck by the broad surface in the opposite 
<lirection. It is only when tho rate of movement has considerably 
slackened, that the shape and size of tho cilia, and the manner in 
which their stroke is made, can be clearly seen. Their action has 
l>een observed to coutinue for many hours, or even days, after tho 
death of the body at large. — As cilia are not confined to Animal- 
cules and Zoophytes, but give motion to the zoos]'>ore8 of many 
Protophytes (Jj 2tH), and also clothe the free internal surfaces of 
the respiratory and other passages in all tho higher Animals, in- 
cluding Man (our own experience thus assuring us that their action 
takes place, not only without any exercise of hut even without 
cmutcwupucioi), it is clear that to regard Animalcules as possessing 
a * voluntary* control over the action of their Cilia, is altogether 
unscientific. 

436. In the Ciliated Infusoria, the differentiation of the sarcodic 
substance into * cctosarc* or cell-wall, and ‘ endosarc’ or cell-con- 
tentii, becomes very complete; the ectosarc possessing a mem- 
branous firmness which prevents it from readily yielding to pres- 


first full account of tbeir peculiar oi^uizution was given by Stein in his 
‘‘Orgauismua der InfuMioimtiucrchcu.®’ Misled, however, by thoir pamsitic 
bftbitii, Stein origiusllj' fiuii|>08ed them not to be independent types, but to bo 
merely trawsitioiuil sUges m th(‘ development (tf V<trtiefUinfr and other Ciliato 
Infusoria. This doctrine hi’^ has long sinot^ abandoned ; but it is not a Uttlo 
tflncpalar that tho young of several true CiHata come forth provided with «no- 
bmtaclesi as well as with cilia, losing tlie former as they appiroximate 
with advancing growth towards the parenW tvpe. Much information as to 
this |0>up will also be found in the beautiful “Etudes sur k* Infosoirca 
«t lea Rhiaopodes*^ of HH. ChparMo and Lachmann, Geneva, IB&ft-GL 
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Btjxe, and liavinp a d^nite internal limit, instead of ^ 
insensibly (as xn Bbizopods) into the protoploamio layer 
lines it. A ^nucleus* seems always prosont; being sometimes 
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A, h’rtviui Hilunut'^-n. V* hiolf* ; by Tuoutli ; c, <:, 

Afjiamlr‘iil<’rt h\vaUo\v».*d by tin* K»*roji», uflrr tlioia- 

M*lv( !S jMirtjrJi-i* of indigo, n, Ptrrwneciuin cftinUUum 

a, coutnifliio vo«i< leh; 6, mouth. 

‘parietal’ (or adherent to the interior of the cctosarc), in oilier 
cases lying in the midst of the endosarc. Jii many a dis- 

tinct ‘cuticle’ or exudation-layer may bo roco^iiized on the surffice 
of the eotosarc ; and this cuticle, which i« studded with regularly 
iirranged marhingK like those of Diatomacca), seems to be the roore- 
Hentative of the carapaa^of ArceUa,&A% as of the cellulose 

<mat of Protophytes. It is sometimes hardened, so as to form a 

* shield’ that protects the bmly on one side only, or a ‘ lorica* that com- 
pletely invests it ; and there are other cases in which it is so pro- 
longed and doubled upon itself, as to form a sheath resembling the 

* ced’ of a Zooph)rte, within w'hich the bo<ly of the Animalcule lies 
loosely, being attached only by a stalk at tlio bottom of the case, 
and being aWe either to i>roject itself from the outlet or to retract 
itself into the interior. In a curious group lately described by 
Haeckel, consisting of Infusoria that spend their lives in the open 
sea, the body i,H enclosed in a siliceous lattice-work shell, usnally 
bell-shaped or belmet-sliaped, which bears so strong a resemblance 
to the shells of many Eadiolarla as to be easily mistaken for them. 
The foitn of the body is usually much more definite than that of 
naked lEUiizopods; each species having its characteristic shax)e, which 
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iionlT defwrted {K»n,fOT the oovt part. wltett^lsdniaSi^ 
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(Iroin) of Vorticd/a n<bitlf/eirt, feliowJug 
A, tho ordinary form ; n tlio sanio with t!i<» 
HtAlk coutractt'd ; c, tli<* Hamo with the boll 
<do«od ; i>, K, r, Kucoessivo stages of fissi- 
{larous multii>hcatiou. 


by the mgeetitm of mt wfb- 
stance abore the ordinary 
siae. The cilia and other mo- 
bile appendages of the body 
are extensions of the outer 
layer of the ‘ectosarc’ proper; 
and this layer, which retains 
a high degree of vital acti- 
vity, is Bometimes designated 
Ihe cilia-layer.’ Beneath 
this is a layer in which (or 
in certain bands of which) 
regular, parallel, fine striee 
may ^ mstinguished ; and 
as this striation is also dis- 
tinguishable in the eminently 
contractile footstalk of Vorti- 
cella (Fig, 80o, b), there seems 
good reason to regard it as 
indicating a special modifi- 
cation of protoplasmic sub- 
stance, which resembles 
muscle in its endowments. 
Hence this is termed tho 
‘ mjophan-lajer.’ Beneath 
this, in certain species of 
Infusoria, there is found a 
thin stratum of condensed 
protoplasm, including minute 
‘ trichocysts,* which resemble 
in miniature the ‘ thread- 


cells' of Zoo]diytes (§ 528) ; and this, where it exists, is known as 
the * trichocyst-layer.’ 


Tho vibr.itiou of ciliary filaments, — which are either disposed 
along the entire margin of tho body, as well as around the oral 
aporture (Fig. 1105, u), or are limited to some one part of it, which is 

always in the iuirntnliate vicinity of tho mouth (Fig. 304), — supplies 
tho means in this group of Infusoria, both for progression through 
the water, and for drawing olimeutary particles into the intenor 
their bodies. In some, their vibration i« constant, whilst in others 


it i» only occasional. The modes of movement which Infusory Ani- 
malcules execute bv means of these instruments, are extremely varied 
and remarkable. Some propel themselves directly forwards, with a 
velocity which appears, when thus highly magnified, like that of 
on arrow, so that the eye can scarcely follow them ; whilst others 
drag their bodies slowly along like a leech. Some attach them- 
selves by one of their long filaments to a fixed point, and revolve 
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le^p* or snooessive gymUona t iu fih/tai, tSiere si neim^f wy IM 
pi aoipil wlsiels they 4o not exiubit. Bnt tbora lire ome 

m wbkh the Ic^motive iilamenti have a biistle^like irmneea, aftd» 
instead of keeping themeelves in rapid vibration, are moved (like the 
spmeeof E<5hini)by the contraction of the integuxnentfrom which th^ 
arise, in such a manner that the Animalcule crawls hy their means 
over a solid surface, as we see esj^ially in Trichoda (Fig, 

J(^, r, q). — I n Chilodm and NasmUtt o^ain, the mouth is provided 
with a circlet of plications or folds, looking like bristles, which, when 
imperfectly seen, received tho designation of * teeth ;* their function, 
however, is rather that of laying hold of nlirnontary particles by 
their expansion and subsequent drawing-together (somewhat after 
the fashion of tho teniarula of Zoophytes), than of reducing them 
by any kind of masticatory process 'I'he curious contraction of the 
foot-stalk of the Vorticella (Fig. JiOo), again, is a movement of a diffe- 
rent nature, being du(‘ to the contractility of tho tissue that occupies 
the interior of the tubular pedicle. 'I'his stalk servos to attach the 
bell-shaped body of tho Animalcule to some fixed object, such as 
a leaf or stem ot duck-weed ; and when tho unimal is in search of 
food, with its cilia in active vibration, the stalk is fully extended . 
If, however, tho Animalcule should have drawn to its month any 
particles too largo to bo received wilhin it, or should bo touohou 
uy any other that happens to lie swimming near it, or should Ixt 
‘jarred* by a smart tuf) on the stage of the Microscope, the stalk 
suddenly contracts intf) a spiral, from wbioli it shortly afterwards 
extends itself again into its previous condition. Tho central cord, 
to whose coutrac^tility this action is due, has been described as 
muscular, though not possessing tlie eharacicrisiic structure of 
either Lind of muscular fibre; it possesses, however, the special 
irritability of muscle, being instantly called into coutnie.tion (accord- 
ing to the observations of Klihne) by electrical excitation. The 
only special ‘ impre.ssionable ’ organs* for tho direction of their 
actions, with the possession of which 1 nfusoria can be credited, 
are the delicatt^ bristlc-like bodies which project in some of 
them from the neighbourhood of tho month, and in Sic tttoi' from 
various parts of the surface*. The red spots seen in many 
Infusoria^ which have been designated as eyes by Prof. Khrenberg 
from their supposed correspondence with the eye-spots of IhMfera 
(§ 447), really bear a muck greater resemblance to tho red sj>ots 
which are so frequently seen among Prutop bytes (§ 230), 

458. Tho interior of the body docs not always seem to consist 
of a simple undivided cavity occupied by soft sarcodo ; for the 
tegumeniary layer appears in many instances to send prolouga- 
ttoas across it in difierent directions, so as to divide it into chambem 

• The term * org-ins of senw*’ implies s conteknuinm of irapressioas, with 
whJkih it is difficult to conceive that unicoUalar Infosoria can be cadowed. 
The component cells of tlio Hnmau Oixly do their work without themselves 
knowing it. 
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tmf he ooctjpied either by sarcode, or by particiles introdtld^ itoot 
wiwut. !!Rbe alimentary particles which can be distingnished in 
the interior of the transparent bodies of Infnsoria, are usually Pro- 
tophytes of various kinds, either entire or in a fragmentary state. 
Tm Diatom&cem seem to be the ordinary food of many ; and the 
insolubility of their loricce enables the observer to recognisBe them 
unmistakably. Sometimes entire Infusoria are observed within 
the bcwh'es of others not much exceeding them in size (Fig. 308, b) ; 
hut this is only when they have been recently svv^lowed, since 
the prey speedily undergoes digestion. It would seem as if these 
creatures do not feed by any means indiscriminately, since 
particular kinds of them are attracted by particular kinds of 
aliment; the crushed bodies and eggs of Entomostraca, for 
example, are so voracionsly consumed by the Gole^St that its body 
is sometimes quite altered in shape by the distension. This cir- 
cumstance, however, by no means proves that such creatures 
possess a sense of taste and a power of determinate selection ; 
for many instances might bo cited, in which actions of the like 
apparently-oonscious nature are performed without any such guid- 
ance. — The ordinary process of feeding, as well as the nature and 
direction of the ciliary currents, may be best studied by diffusing 
through the water containing the Animalcules a few particles ot 
indigo or carmine. These may be seen to be carried by the ciliary 
vortex into the month, and their passage may be traced for a httie 
distance down a short (usually ciliated) oesophagus. There they 
commonly become aggregated together, so as to form a little pellet 
of nearly globular I’orm; and this, when it has attained the size of 
the hollow within which it is moulded, seems to receive an invest- 
ment of firm sarcodic substance, resembling the ‘ digestive vesicles* 
of Nocfil%iC 4 i (§ 4‘28), and to be then projected into the so^r 
cndosarc of the interior of the cell, its place in the oesophagus being 
occupied by other particles subsequently ingested. (This ‘ mould- 
ing/ however, is by no means universal ; the aggregations of 
coToured particles in the bodies of Infusoria being often destitute of 
any regularity of form .) A succession of such pellets beingthus intro- 
duced into tbe cell-Ctivity, a kind of circulation is seen to take place 
in its interior ; those that first entered making their way out after 
a time (first yielding up their nutritive materials), generally by a 
distinct anal orifice, but sometimes by the mouth. When tbepellets 
arc thus moving round the body of the Animalcule, two of them 
sometimes appear to become fused together, so that they obviously 
cannot have been separated by any firm membranous inyestment. 
Wben the Animalcule has not taken food for ^rao time, * vacuoles,’ 
or clear spaces, extremely variable both in size and number, filled 
only with a very transparent fluid, are often seen in its sarcode ; 
aitu their fluid sometimes shows a tinge of colour, which seems h® be 
due to the solution of some of the vegetable chlorophyll upon wnicb 
the Animalcule mav have fed last.. 
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4^. Contnwlale Veridw (Pig. 304, a , «), Mnally alxmt ilia idw 
tm vacml 0 $f are fo^d, either singly or to the number of 
to sixteen, in the bodies of most cihatod Auimalcuks ; and luay 
seen to execute rhythmical movements of contraction and dilata*^ 
tiou at tolembly regular intervals ; being so completely obliterated, 
when empti^ of their contents, as to oo quite undistinguisWble, 
and coming into view again as they are refilled. These vesicles 
do not change their position in the individual, and they are pretty 
constant, both as to sis^e and place, in different indiviuuals of the 
same species ; hence they are obviously quite different in character 
from the ‘ vacuoles.’ In Paramedam there are always to be 
observed two globular vesicles (Fig. J504, a, /r, o), eacdi of them sur* 
rounded by several elongated cavities, arranged in a radiating 
manner, so as to give to the whole somewhat of a star-like aspect 
(Plate XIV., fig. 1, /?, y) ; and the liquid contents are seen to be pro- 
pelled from the former into the latter, and in'rc ixu'sd. Further, in 
i^fentort a complicated network of canals, apparently in connexion 
with the contractile vesicles, has been detected in the substance of 
the ‘ectosarc;’ and traces of this may bo observed in other 
Infusoria. In some of the larger Animalouh\s, it may Ihj distinctly 
seen that the contractile vesicles have^>cnaoj(c//f valvular orifices 
opening outwards, and that an expulsion of Huid from the body 
into the water around it is effected by their contraction. Hence 
it appears likely that their function is of a respiratory nature ; 
and that they serve, like the gill-openingK of Fishes, for the expuK 
sion of water which has been taken-iu by the mouth, and which 
has traversed the interior of the liody. (See § IV. >9.) 

44^, (If the Reproduction of the (hliated Infusoria, our knowledge 
is still very iniiKTlect ; for although various inodes of multiplication 
have been observed among them, it still rtMuains doubtful whether 
any proc(‘s3 takes ])lace, that can be regarded — like the conjugation 
ot the M(mcidiua (§ 4lH) — as analogous to the sexual Generation 
of higher organisms. Binary subdivision would seem to bo universa] 
among them ; and has in many instances been observed (os elsewhere) 
to commence in the nucleus. I’lie division takes place in some 
species longitudinally, that is in the direction of the greatest length 
of the body (Fig. 305, n, e, E),in other spocies transversely (Fig. 308, 
c, n), whilst in some, as in Chilodon eiicnllnluB (Fig, 300), it has 
been supposed to occur in cither direction indifferently. But 
it may be questioned whether, in this latter cose, one set of 
the apparent ‘fissions’ is not really ^conjugation’ of two indi- 
viduals. — This duplication is performed with such rapidity, under 
favourable circumstances, that, according to the calculation of 
Prof. Ehrenberg, no fewer than 2()8 ntlHions might be produced in 
a mouth by the repeated subdivisions of a single Faratn^ccium. 
When this fission occurs in VoHicella (Fig. 305), it extends down 
stalk, which thus becomes double for a greater or less part of 
its length ; and thus a whole bunch of these Animalcules may 
spring (by a repetition of the same process) from one base. In 
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901X10 tnembera of the same family, arboroBceot structures are pro- 
ciuoed resembliag that of Codosiffa, i'ig. 206), by the like process 
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Finsipfirous muUiplirjttion of ChiUxion cuciiUufm: — A, h, e, 
»uf;ci*«Hivo of Ifnjiififudinal linsion (?); n, », r, kiuvos- 

sivo of tniu«v«‘rw' iinaion. 

of oontiuiioiis sulxliviMioii. -Another curious result of this mo<lo 
of multiplication j)rcsents itself in the family Oidirydina; 
masses of individuals, wliich separately resemble certain Vor- 
tlcelUna, being found imbedded m a gelatinous substance of a 
greenish colour, sometimes adherent, and sometimes free. These 
masses, which may attain the diameter of four or five inches, 
present such a strong general resemblance to a mass of Nosioc 
247), or even of Frogs* spawn, as to have been mistaken for 
such; but they simply result from the fact, that the multitude 
of individuals produced by a repetition of the process of self- 
division, remain connected with each other for a,tiui© by a gela- 
tinous exudation from the surface of their bodies, instead of at 
once becoming completely isolated. From a comparison of the 
dimensions of the individual Ophnjdia^ each of which is about 
1-I20th of an inch in length, with those of the composite masses, 
soxne estimate may be formed of the number included in the 
latter ; for a cubic inch would contain nearly eight milliom of them, 
if olosely packed ; and many times that number must exist in the 
larger masses, even making allowance for the fact that the bodies of 
the ^imalcules are separated from each other by tbeir gelatinous 
uoshion, and that the masses have tbeir central portions occupied 
by water only. Hence we have, in such clusters, a distinct proof 
fu tim extraordinary extent to which multiplication by duplicative 
subdiv^on may proceed, without the interposition of any other 
operation. These Animalcules, however, free themselves at times 
from their gelatinous bed, and have been observed to undergo an 
* 0iieysting process * corresponding with that of the VorticeUina, 
441 , Many , perhaps all, ciliated Infusoria at certain times undergo 
an 0iiwif9Hng process^ resembling the passage of Protophytes into t£e 
csoudition (§ 231), and apparently serving, like as a provi- 
ekm ^ their preservation under circumstances which do not permit 
tha oonlixtuaiioe of their ordinary vital activity. Previously to the 
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foTmatlon of the cyst, the xnoTements o! the animalonle climinish 
in vigour, aad gradually cease altogether ; its form becomes more 


Pio. 807. 



iiarvKtin;' jiroct'ss iu rortireda microntotna full-ffnm'ri 
itulivitlual in itw t'ncy8t<*(l stito; «, n-traot<*fI ova! circlfl af 
ollia; />, c, eontractilo vi'nido it, a cyst 

frfjfu itH atiilk ; -c, tl»« Hnmo luori' aiJvonml, the nocletlH 
hroken-iip into spctre-liko glolniloa; — 1 >, the wame mowt dovu- 
lopwi, the original htxly of the Vorticellu, <f, Iwiving Ix'come 
nacculated, nud CijnUiinng many clt‘nr npacen nt e, one (»f 
the «accnlati(»nH burnt through tie' envidoping ryst, 

u gelatinouM innsH, <f, containing tho gemumlen, is dine barged. 

roimded ; itn oral aperture closes ; and its cilia <jr other fiiameutons 
prolongnliona are either lost or retracietl, as is well seen in Vorti- 
iv.lUf (Pig. *‘107, a), a new wreath of cilia, however, is developed 
near the base, and in this condition the animal detaches itself from 
its 8t(*m, and swims freely for a short time, soon passing, howe\'er, 
into the * still ' condition. The surface oi the body then exudes a 
gelatinous excretion that hardens around it so as to form a com- 
plete co£Bn-like case, within which little of the original structure 
tif the animal can be distinguished. Even after the c/)mpIetion of 
tlie cyst, however, the contuiimd animalcule may often Ijc observed 
to move freely within it, and may sometimes bo caused to come 
forth from it« prison by the mere application of warmth and 
moisture. In the simplest form of the ^ encysting process/ indeed, 
the animalcule seems to remain altogether quiescent through the 
whole period of its torpidity; so that, however long maybe th* 
duration of its iraprisonmeut, it emerges without any 
change in its form or condition. But in other cases, this ] 
seems to be subservient either to multiplication or to me 
phosta. For in VorticeUat the substance of the encysted body (n) 
appears to iH’eak up (c, n) into eight or nine segments, whieli, when 
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still remainbg within its cavity (m). Tlie body thus dis . 

(x) does not differ much in appearance from that of the OxytriSa 


Fm. 30*^. 



Me(unit*rj<Iin«Rf< <»f I’n'chtnUi If/nr^ita :—A, larvft {^Ou'jftrirhu) 
li, fi fviniilrtr lurva, afttT HM'.illowiu^ th<^ ftnimaJctilc 

at M ; C, ft very individual on tho point of undor- 
ffoinj? fiHHion ; n, another in which tho pn>'‘«‘yK luiR advaucci 
lurihcr; E, oii(‘ of tin* produrtrt of each iiftnioii ; E, the wimo 
IwKly lx*c<»rno Kj>h<*nc:il and tnotionlvHH ; 0, aspect of thin 
Hphcre tiftc'*!! dftya afterwarclft; ii, later rojiditioa of the 
►wiiiio, Khowiijjr the foruiatirni of tho cyst ; i, iuripioni Mcjwa- 
tion l>etvvoen MihstHtJc* and c'xuvia! niiitter; k, partiat 

disrharjrt' of the ljitt4*r, with flatt**innp: of llui Bphoro ; L, fnon» 
distinct formation of tlio confined animal ; M, its eiBcapo from 
thecyat; x, its appeamncc hoiwa days nFt<Twnrd»} o, more 
advanced stage of the same ; e, q, pcrfi-rt AnpidutCff, one as 
seen sideways, moving on it^ hristles, the other as seen fnrni 
Iwdow (magnified twieo ns much as the preeeding figures). 

Iwfore. its eucyHtmeut (r), though of only about two-thirds it» 
diameter; but it soon dcvelopes itself {o» v, (^) into an Animalcule 
very different from that in which it originated. First it becomes 
still smaller, by the discharge of a portion of its substance; 
numerous very stiff bristlc-like organs aro developed, on which the 
Animalcule creeps, as by legs, over solid surfaces; the external 
integument Ixjcomes more consolidated on its uj>})cr surface, so as 
to become a kind of carapace; and a mouth is formed the 
<^uing of a slit on one side, in front of which is a single hair-Uke 
^gelium, which turns round and round with ^cat rapidity, 
so as to describe a sort of an inverted cone, whereby a cuiwnt i» 
brought towai'ds the mouth. This latter form had been described 
by Frof. Bhrenberg under the name of Agpidiam, It is vety much 
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«nidler than th« larva ; the difference beiniar, in fact, twice as great 
as that which exists between a and p, q (Fig. 308), since the lest 
two figures are drawn nnder a magnifying power double tiiut 
employed for the preceding. How the AB^dhca-hrm in its turn 
gives origin to th^ Oxytrlc}ia4orm, has not yet been made oni— A 
similar ‘ encysting process’ has been observed to take place among 
several other forms of ciliated Infusoria ; so that, considering the 
strong general resemblance in hind and degree of organization 
which prevails throughout the group, it does not seem unlikely 
that it may occur at some stage oi the life of nearly all these 
Animalcules. And it is not improbably in tlu? ‘ encysted ’ condi- 
tion that their disixjrHion chiefly takes jilace, since they have been 
found to endure desiccation in tnis state, although in their ordinary 
condition of activity they cannot be dried-np without loss of Jil’e. 
When this circumstance is taken into account, in conjunction with 
the extraordinary rapidity of multiplication of these Anim;il(ml(‘s, 
there seems no aifflciilty in accounting for the uiiiv(u*sality of their 
diffusion. It may be stated as a general fact, that wherever de- 
caying Organic matter exists in a liquid state, and is exposed to air 
and warmth, it speedily hecomes peopled with some or other oi’ these 
minute inhabitants : and it may bo fairly presumed that, as in the 
case of the Fungi, the dried cysts or germs of Infusoria are every- 
where floating about in the air, read}^ to dcvelope them solves 
wherever the appropriutc conditions are preHonted; while all ouv 
knowledge of tnoir history seems further to justify the belief, that 
(in some instanc<ja, at least) the same germs may devoloj)e theniselves 
into a succession of forms so different, as to have boon regarded as 
distinct sjiecific or even generic types. 

44‘2. A very important advance was 8U]>po8ed to have been made 
in this direction, by the asserted discovery of M. Balbiani* that a 
true process of i^cxaal generation occurs among Infusoria; bis 
observations having led him to the conclusion that male and female 
organs are combined in each individual of tlie numerous genera he 
has examined, but that the congress of two individuals is necessary 
for the impregnation of the ova, those of each being fertilized by 
the spermatozoa of the other. He regards the ‘nucleus’ as an 
or aggre^tion of germs, whilst the ‘ nucleolus’ is really a 
tmiis or agjfi^gataon of sperraatozoids. The particular form and 
portion which these organs present, and the nature of the changes 
whkJi they undergo, vary in the several tyjies of Infusoria ; but as 
we have in the common Faram^cium anreUa an example, which, 
although exceptional in some particulars, affords peculiar facilities 
fiirthe observation of the process, and hm l>een most completdy 
studied by M. Balbiani, it is here selected for illustration,— Tins 
Auiuiiilcumt as is well known, multiplies itself with great rapidity 

• Bee his "Eecherches sur leg Pb^^nom^nes Sexnels dee Infusounos,'* in Br. 

Bitnirah.BdqQiaN^ ** Jonmal de Is Physiobigia, ' for HWl. An abstrset of tlu«#c 
YnsofUVhey issKsitinncd in the **Q.aHrt,doitm. of Microsc. Science/* for duty 
end 
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(ttnder favourable circumatanoes) by duplicative subdivision, wbicdi 
always takes pla<Jo in tbe transijerHe direction ; and the condition 
represented in Plate xiv., fiffs. 1. 2, is not, as has been usuidly 
supposed, another form of the same procesn, but is really the 
sexual con^press of two individuals previously distinct When the 
period arrives at which the Paramccia are to propoxate in this 
manner, they are seen asBcmbling ujH>n cei-taiu ]>arts of the vessel, 
either towards the bottom or on the walls ; and they are soon found 
coupled in pairs, closely adherent to each other, with their similar 
extremities tuniod in the same direction, and their two mouths 
closely applied to one another, but still continuing to move freely 
in the liquid, turning constantly round upon their axes, T%is 
conjugation lasts for live or six days, during which jxjriod very im- 
poiiant changes take plat^e in the condition of the re]>roductive 
organs. In order to distinguish thes(!, the, Animalcules should be 
slightly flattcne<l by compression, and treated with acetic acid, 
which brings the reproductive apparatus intf> more distinct view, 
as shfkwn in iigs. 1 5. In tig. 1 each individual contains an 
ovarium a, which is shown to present in the first instance a smootli 
surface; aud from tins there j>rocoeds an excretory canal or ovi- 
duct /*, that o])cns exh^Tnally at about, the middle of tho length of 
the body into the buccal tissurc c. Kach individual also contains 
a seminal (ui]>sulc 6, in which is seen lying a bundle of sporma- 
ti>W)ids (Unwed u^Km itself, and which commiinicalc's by an elongatetl 
neck with the ontice of the excretory can.ab The sucoesHivo stages 
by whi(ditho sciininal capsule arrives at this condition, from that of 
a simple coll, whoso granular contculs n^solvc themselves (as it 
were) into a bundle of filaments, are shown in tigs. ti~10. In 
fig. 2 the surface of tho ovary, o, is seen to present a lobulated 
apfiearainx?, which in occasioned by the cornmciiccment of its reso- 
lution itdo sejjarati^ ova; while tho Keminul capsule is found to 
have undergone division into two or lour secondary capsules, 6, 5, 
each of which contains a bundle of Kpernnibjzoa now straightenetl 
out, Tliis division takes place by tno elongation of the capsule 
into the form represented in tig. 11, and by the narrowing of the 
central portion whilst the extremities enlarge ; the farther multi- 
plication ‘being effected by the repetition of tho same process of 
elongation and fission. In fig. il, wddeh represents one of the in* 
dividuals still in conjugation, the four seminal capsulcH, h, 5, are 
represented os thus elongated in pjrepa ration for another Sttb* 
division ; whilst the ovary, a, «r, has b<*gun as it were to unroll 
itself, and to break-up into fragments which are connected by 
tube, rfu It is in this condition that the object of the conjugation 
appears to bo effected, by tbe passage of the seminal capsuks Of 
each individual, previously to tneir complete maturation, into the 
body of the other. In fig. 4 is shown the condition of a Para* 
fmdnm ten hours after the conclusion of the conjugation; tho 
ovary has here completely broken-up into separate granular masses, 
Wnich some, o, a, remain unchanged, whilst others, o, o, o, o. 
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either two, four, or eight in number, are converted into ovules that 
appear to be fertilized by the escape of the spermatozoa from the 
seminal capsules, these being now seen in process of withering. 
Finally, in hg. 5, which represents a Paramecium three days after 
the completion of the conjugation, are seen four complete ova, 
0 , 0,0, 0, within the connecting tube, ?)i, m; whilst the seminal cap- 
sules have now altogether disappeared. In figs. 13-18 are seen 
the successive stages of the development of the ovule, which seems 
at first (fig. 13) to consist of a germ-cell having within it a secon- 
dary cell containing minute granules, which is to become the 
‘vitelline vesicle.' This secondary cell augments in size, and be- 
comes more and more opaque from the increase of its granular 
contents (figs. 14, 15, Ki), forming the ‘vitellus’ or yolk; in the 
midst of which is seen the clear ‘germinal vesicle,’ which shows on 
its wall, as the ovule approaches maturity, the ‘germinal spot’ 
(fig, 17). The germinal vesicle is subsequently concealed (fig. 18) 
W the increase in the quantity and opacity of the vitelline granules. 
The fertilized ova seem to be expelled by the gradual shortening of 
the tube that contains them; and this shortening also brings 
together the scattered fragments of the granular substance of the 
original ovarium, so as to form a mass resembling that shown in 
fig. 1, «, by the evolution of which, after the same fashion, another 
brood of ova may be produced. 

443. Kow there can be no doubt as to the occurrence of ‘con- 
jugation’ among Ciliated Infusoria; and tliis not only in the 
free-swimming, but also in the attached forms, as Stentor (Plate 
XIV., fig. 21). In VoHicellaf according to several recent observers, 
what has been regarded as f/emmiparous multiplication — the 
putting-forth of a bud from the base of the body — is really 
the conjugation of a small individual in the free-swimming stage 
with a fully-developed fixed individual, with whose body its own 
becomes fused. But it is doubtful whether such conjugation has 
any reference to the encysting process. According to BUtschli 
and Engelmann, the conjugating process results in the hreaking-np 
of the nucleus and (so-called) nucleolus of the conjugating in- 
dividuals; these individuals separate again, and after the expulsion 
of the broken-up nuclear structures, the characteristic nutleus and 
nucleolus are re-formed. The same excellent observers adduce 
strong grounds for distrusting Balbiani’s assignment of sexual 
characters to the nucleus and nucleolus. For although a striation 
may be observed on the surface of the latter, no one has witnessed 
its subdivision into spermatozoidal filaments. And if embiwos 
are really produced at the expense of the nucleus, what Balbiani 
described as sexual ova are really non-sexnal gemmules, each ©on^ 
sisting (like the" zoospore of Protophytes) of a segment of the 
nucleus surrounded by an envelope of protoplasm. — There is still 
much uncertainty in regard to the embryonic forms of CiBate 
Infusoria; son\e eminent observers asserting that the ^gemmule’ 
ia the first instance, besides forming a cilia-wreath, puts forth 
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pctorial appendages {Plate xiv., fig. 19, a, b, c), by means of wbicK 
it imbil^s nourisbrnent until the formation of its month permits it 
to obtain its supplies in the ordinary way ; whilst others maintain 
these acinetiform bodies to be parasites, which even imbed them- 
selves in the substance of the Infusoria they infest.’*' 

444. It is obvious that no Classification of Infusoria can be of 
any permanent value, until it shall have been ascertained by the 
study of their entire life-history, what are to be accounted really 
distinct forms. And the differences between them, consisting chiefly 
in the shape of their bodies, the disposition of their cilia, the pos- 
session of other locomotive appendages, the position of the mouth, 
the presence of a distinct anal orifice, and the like, are matters of 
such trivial importance as compared with those leading features of 
their structure and physiology on which we have been dwelling, 
that it does not seem desirable to attempt in this place to give any 
detailed account of them. The life-history of the cil lain Infusoria is 
a subject pre-eminently worthy of the attention of Microscopists, 
who can 8C.arcely be bettor employed than in tracing out the 
sequence of its phenomena, with the same care and assiduity as 
have been displayed by Messrs. Dalliuger and Drysdale in the 
study of the Monad hia.- In pursuing our researches,” say these 
' excellent observers, “ we have become practically convinced of what 
we have theoretically assumed — the absolute necessity for pro- 
longed and patient observation of the same forms. Two observers, 
independently of each other, examining the same Monad, if their 
inquiries were not sufficiently prolonged, might, with the utmost 
truthfulness of interpretation, assert opposite modes of develop- 
ment. Competent optical means, careful interpretation, close 
observation, and ilme, are alone capable of solving the problem.” 

Skction II. — Hotifeka, oil WiiEEi^ Animalcules. 

445. We now come to that higher group of Animalcules, which, 
in point of complexity of organization, is as far removed from 
the preceding, as Mosses are from the simplest Protophytes ; the 
only point of real resemblance between the two groups, in fact, 
being the minuteness of size which is common to both, and which 
was long the obstacle to the recognition of the comparatively 
elevated character of the Iloiifera, as it still is to tne precise 
determination of certain points of their structure. Some of the 
AVheel- Animalcules are inhabitants of salt water only but by far 
the larger proportion are found in collections of fresh water, and 
rather in such as are free from actively decomposing matter, than 
in those which contain organic substances in a putrescent state. 

* There can be no doubt that Stein was wrong in his original doctrine that 
the fully-developed Aciiietina are only transition-stages in the development of 
VortkeUlTia and other ’Ciliated Infusoria. But the balance of evidence seems to 
the writer to bo in favour of his later statement, that the l^ies figured in 
PI. XIV. fig. 19, are really Infusorian embryos, and not parasitic Acinet®, 

H M 
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Hence when they present themselves in Yegetable infasions, it is 
usually after that offensive condition which is favourable to the 
development of many of the Infusoria has nassecl-away ; and they 
are consequently to be looked-for after the aisappearahce of many 
Huccessions (it may be) of Animalcules of inferior organization. 
Botifern are more abundantly developed in liquids -which have been 
long and freely exposed to t£e open air, than in such as have been 
kept under shelter; certain kinds, for example, are to be met -with 
in the little pools left after rain in the hollows of the lead with 
-which the tops of houses are partly covered; and they are 
occasionally found in enormous numbers in cisterns which are not 
beneath roofs or otherwise covered over.* They are not, however, 
absolutely confined to collections of liquid : for there are a few 

species which can maintain their 
existence in damp earth ; the com- 
mon Boiifer is occasionally found 
in the interior of the leaf-cells of 
Sphacjnwm (§ 33P) ; and at least 
two species of Notomy)iida also are 
known to be parasitic, the one in the 
large cells of Vmichcria (§ 219), and^,, 
another in the sphere of Volvoy 
(§ 236). — The Wheel-like organs 
from which the class derives its 
designation, are most character- 
istically seen in the common JRotifei' 
(Fig. 310), where they consist of 
■two disk-like lobes or projections of 
the body, whose margins are fringed 
with long cilia ; and it is the unin- 
terrupted succession of strokes 
given by these cilia, each row of 
which nearly returns (as it were) 
into it.'^elf, that gives nse by an op- 
tical illusion to the notion of 
‘ wheels.’ This arrangement, how- 
ever, is by no means universal ; in 
fact, it obtains in only a small pro- 
portion of the group ; and by far 
the more general plan is that seen 
in Fig. 309, in which the cilia form 
one continuous line across the body, 
being disposed upon the sinuous 
I of certain lobes or projections which are borne upon its an- 
terior portion. Some of the chief departures from this plan will be 
noticea hereafter (§ 453). 

446, The great transparence of the Eotifera permits their general 
structure to he easily recognized. They have usually an elongated 
* See a remarkable instance of this in p. 277 note. 


Fig. 309. 
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form, similar on the two sides ; but this rarely exhibits any traces 
of segmental division. The body is covered with a double envelope, 
both layers of which are extremely thin and flexible in some 
species, whilst in others the outer one seems to possess a horny 
consistence. In the former case the whole integument is drawn 
together in a wrinkled manner 
when the body is shortened ; in Pio, 310. 

some of the latter the sheath has a 


the form of a polype-cell, and the 
body lies loosely in it, the inner 
layer of the integument being se- 
parated from the outer by a con- 
siderable space (Fig. 312); whilst 
in others the envelope or lorica is 


tightly fitted to the body, and 
strongly resemblesthehornycasin^ 
of an Insector the shell of a Crab, 


except that it is not jointed, and 
does not extend over the head and 


tail, which can be projected from 
the openings at its extremities, or 
completely drawn within it for pro- 
tection (Fig. 313). In those Roti- 
fera in which the flexibility of tbe 
body is not interfered with by tbe 
consolidation of the external inte- 
gument, we usually find it capable 
of great variation in shape, the 
elongated form being occasionally 
exchanged for an almost globular 
one, as is seen especially when the 
animals are suffering from defici- 
ency of water; whilst by alternating 
movements of contraction and ex- 
tension, they can make their way 
over solid surfaces, after the 
manner of a Worm or a Leech, 
with considerable activity, — some 
even of the loricated species being 
rendered capable of this kind of 
progression t)y the contractility of 
the head and tail. All these, too, 



Rotifer vul{jnrh, fls 8t‘en at A with 
the wheels dmwn-in, and at « witli 
the wheels expanded: — er, mouth; 
ej^e-spots; (\ wheels; d, calcar (an- 
tenna?) ; e, jaws and teeth ; f, alimen- 
tary canal ; p, glandular (?) mass en- 
closing it; 7i, longitudinal muscles; 


can swim readily through the h t«hos of water-vascular system ; 
water by the action of their cilia ; animal; 1. cloaca, 

and there are some species which 

are limited to the latter mode of progression. The greater number 
have an organ of attachment at the posterior extremity of the body, 
which is usually prolonged into a tail, by which they can afc them* 
sdves to any solid object ; and this is their ordinaiy position, when 

mm2 
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keeping tLeir ‘ wkeels’ in action for a supply of food or of water; 
they have no difficulty, however, in letting-go their hold and moving 
through the water in search of a new attachment, and may there- 
fore he considered as perfectly free. The sessile species, in their 
adult stage, on the other hand, remain attached by the posterior 
extremity to the spot on which they have at first fixed themselves ; 
and their cilia are consequently employed for no other purpose than 
that of creating currents in the surrounding water. 

447, In considering the internal structure of Rotifera, we shall 
take as its type the arrangement which it presents in the Rotifer 
mihjaria (Fig. 310) ; and specify the principal variations exhibited 
elsewhere. The body of this animal, when fully extended, pos- 
sesses greater length in proportion to its diameter than that of most 
others of its class ; and the tail is composed of three joints or seg- 
ments, which are capable of being drawn- up, one within another, 
like the sliding tubes of a telescope, each having a pair of prongs or 
points at its extremity. Within the external integument of the body 
are seen a set of longitudinal muscular bands (/<), which serve to 
draw the two extremities towards each other ; and these are crossed 
by a set of IransverHo annular bands, which also are probably mus- 
cular, and servo to diminish the diameter of the body, and thus to 
increase its length. Between the wheels is a prominence bearing 
two red spots (o), and having the mouth (a) at its extremity ; these 
red spots differ altogether from those common in Infusoria and Pro- 
tophyta, each having a minute highly-refracting spherical lens set 
in red pigment, and being clearly a rudimentary eye ; and the pro- 
minence that bears them may be considered, therefore, as a true 
head, notwithstanding that it is not clearly distinguishable from 
the body. This head also bears upon its under surface a projecting 
spur-like organ (d), which was thought by Prof. Ehrenberg to be a 
siphon for the admission of water to the cavity of the lx>dy for the 
purpose of respiration ; this, however, is certainly not the case, the 
‘ spur* being. imperfomte at its extremity ; and there seems much 
more probability in the idea of Dujardin, that it represents the 
atdemm or paljn of higher Ai’ticulata, the single organ being re- 
placed in many Rotifera by a pair, of which each is furnished at its 
extremity with a brush-like tuft of hairs that can be retracted into 
the tuba The oesophagus, which is narrow in the Rotifer, but is 
dil&ied into Q> crop in Steplumocoros (Fig. 312) and in some other 
genera, leads to the masticating apparatus (Fig. 310, c), which in 
Wiese animals is placed far behind the mouth, and in close proxi- 
mity to the stomach, — The Masticating apparatus has been made 
the subject of attentive study by Mr. P. H. Gosse ; who has given an 
elaborate account of the various types of form which it presents in 
the several subdivisions of the group.* The following description 
of one of the more complicated will serve our present purpose. The 
various movable parts are included in a muscular bulb, termed the 
moMax (Pig. 311, a) , which intervenes between the buccal funnel (m) 
* ** PbilosopMcal Transactions,” 1863, p. 412. 
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and tlie oosophagus (p). The mastax includes a pair of organs, 
which, from the resemblance of their action to that of hammers 
working on an anvil, may be called malkdt and a third, still more 
complex, termed the incus. Each malleus consists of two principal 
parts placed nearly at right angles to each other, the 

Fig. 311. 



Masticating Apparatus of jKuchUniis deflc^ra :~~a, Mtistax; c, 
manubnuru, and c, iincus, of Malleus ; g, rami, and //, fuUjrum, 
of Incus; i, rnusclo conmicting ramus and uncus ; .y, inuHcl<‘ 
passing from malleus to mastax ; /•, luuscb' connecting uncus 
and nmnubrium ; bnecal funnel; salivary glands; 
ccsopliugLis. 

and the uncus (e) ; these are articulated to one another by a sort of 
hinge-joint. The former, as its name imports, serves the purpose in 
some degree of a handle ; and it is the latter which is the instrument 
for crushing and dividing the food. This is done by means of the 
finger-like porocesses with which it is furnished at the edge where it 
meets its fellow ; these being five or six in number, set parallel to 
each other like the teeth of a comb. The incus also consists of 
distinct articulated portions, namely two stout rnnu (a) resting on 
what seems a slender footstalk 0t) termed the fulcrum; when 
viewed laterally, however, the fulcrum is seen to be a thin plate, 
having the rami so jointed to one edge of it that they can open and 
close like a pair of shears. The uncus of each malleus falls into 
the concavity of its respective ramus, and is connected with it by 
a stout triangular muscle (?*), which is seen passing from the hollow 
of the ramus to the under surface of the uncus. It is difficult to 
say with certainty what is the substance of which these firm 
structures are composed ; it is not affected by solution of potass, 
but is instantly dissolved without effervescence by the mineral acids 
and by acetic acid. Besides the muscles already described, a thick 
band (j) embraces the upper and outer angle of the articulatioi* 
of the malleus ; and is inserted in the adjacent wall of the mastax ; 
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and a eemi- crescentic band (k) is inserted by its broad end into the 
inferior and basal part of the uncus, and by its slender end into the 
middle of the inner side of the manubrium; the former of these may 
be considered as an extensor, and the latter as a flexor, of the 
malleus. By these and other muscles which cannot be so clearly 
distinguished, the two unci are made to approach and recede by a 
perpendicular motion on the hinge-joint, so that their opposing faces 
come into contact, and their teeth bruise-down the particles of food ; 
but at the same time they are carried apart and approximated 
laterally by the movement of the free extremities of the manubria. 
The rami of the incus also open and shut with the working of the 
mallei : and by the conjoint action of the whole, the food is effectually 
comminuted in its passage downwards.* 

448. The Alimentary Canal, which lies loose in the ‘ general 
cavity of the body,’ is sometimes a simple tube, passing without 
enlargement or constriction from the masticating apparatus to the 
anal orifice at the posterior part of the body ; whilst in other in- 
stances there is a marked distinction between the stomach and in- 
testinal tube, the former being a large globular dilatation imme- 
diately below the jaws, whilst the latter is cylindrical and compara- 
tively small. The alimentary canal of lioiifer (Fig. 310) most 
resembles the first of these types, but presents a dilatation (1) close 
to the anal orifice, which may be considered as a cloaca : that of 
Brachioiim (Fig. 309) is rather formed upon the second. Connected 
with the alimentary canal are various glandular appendages, more 
or less developed ; sometimes clustering round its walls as a mass 
of separate follicles, which seems to be the condition of the glan- 
dular investment (^) of the alimentary canal in liotifer ; in other 
cases having the form of ca^cal tubuli. Some of these open into the 
stomach close to the termination of the oesophagus, and have been 
supposed to be salivary or pancreatic in their character, whilst 
others, which discharge their secretion into the intestinal tube, have 
been regarded, and probably with con’ectness, as the rudiment of a 
liver. — In the genus Asplanchia (Gosse), there is a wide departure 
from the ordinary liotifer type; as the species belonging to it 
have neither intestine nor anus. The stomach consists of a large 
bag at the end of the gullet, about which, wheu the animals are 
qmet, the ovary is bent in a horseshoe form. The indigestible 
matters are ejected through the mouth. The curious absence of 
any digestive apparatus in the males of this group, will be presently 
notioea '{§ 450).t 

449. There does not appear to be any special Circulating apparatus 
in these animals; but the fluid which is contained in the peri- 
visceral cavity is probably to be regarded as nutritive in its character; 

* See also the description of the mastax of Mefiartn rhtgens and Oonockihts 
by Mr. Bedwell in “ Jonm. of Itoy. Micr. Boc.,” Vol. i. (1^78), p, 176. 

t See Brightwell in “Ann. Nat. Hist.,” Ser. 2, VoL ii. (1M8), p- 158*, Pal- 
rymple in “Philoa. Transact./’ 1849, p. W ; and Gosse in “Ann, Nat Hist.,” 
Bor. 2, Vols. iii. (1848), p. 518 ; vi. (1850), p. 18 ; and viii. (1861), p. 198. 
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and itn aeration is provided-for by a peculiar apparatusi wMch 
seems to be a rudimentary form of the ‘ water-vascular system,* that 
aUains a high development in the class of Worms. On either 
side of the body there is usually to be observed* a long flexuous 
tube (Pig. 309), which extends from a contractile vessel common 
to both and opening into the cloaca (Pig. 310, i, i), towards the 
anterior region of the body, where it frequently subdivides into 
branches, one of which may arch-over towards its opposite side, 
and inosculate with a corresponding branch from its tube. 
Attached to each of these tubes are a number of peculiar organs 
(usually from two to eight on each side), in which a trembling 
movement is seen, very like that of a flickering flame; those appear 
to be pear-shaped sacs, attached by hollow stalks to the main tube, 
and each having a flat^elliform cilium in its interior, that is attached 
by one extremity to tne interior of the sac, and vibrates with a quick 
undulatory motion in its cavity ; and there can be little doubt that 
their function is to keep-up a constant movement in the contents of 
the aquiferous tubes, whereby fresh water may be continually intro- 
duced from without for the aeration of the fluids of the body.* The 
Nervous system is represented by only a single ganglionic body 
(sometimes bilobed, however), which lies at one side of the oesopha- 
gus, in near proximity to the eye-spots, the epur-like organ, and 
the ciliated pit, and has also, in some Rotifers, an auditory vesicle 
attached to it. No nerve-truuks proceeding to the muscular bands 
have as yet been certainly distinguished. 

450. The Reproduction of the Rotifera has not yet been com- 
pletely elucidated. Although they were aflirmed by Prof. Ehren- 
berg to be hermaphrodite, yet the existence of distinct sexes 
has been detected m so many genera (for the most part by Mt. 
Gossef), that it may fairly be presumed to be the general fact. 
The male is inferior in size to the female ; and sometimes differs so 
much in organization, that it would not be recognized as belonging 
to the same species, if the copulative act had not been witnessed. 
In all the coses yet known, as in the Asplanchna of which the 
separate male was the first discovered, there is an absolute and 
universal atrophy of the digestive system ; neither mastax, jaws, 
oesophagus, stomach, nor intestines being discoverable in any 
mole ; no other organs, in fact, being fully developed, than those of 
generation. The male would appear, therefore, quite unfit to obtain 
aliment for itself ; and its existence is probably a very brief one, 
being continued o^y so long as the store of nutriment supplied by 
the egg remains unexhausted. In the remarkable six-limbed Rotifer 
discovered by Dr. Hudson, J and named by him Pedalion mwa, 

* See Prof. Huxley’s account of these organs, in his doscription of Laeinulm ia 
^socMlia., ‘‘Transact of Microsc. Soc.,” NS., Vol. i. (lHo3), p 1. • 

f “ Philosophical Transactions,” 1857, p. 31il. Hoc also I)r. Hudson in 
^♦Monthly Microsc. Joum.,” Vot xiil (1875), p. 45. 

J “ Moutbly Microsc. Journ,,” Vol. viU. (18/2), p. 209; and “Quart. Jotira. 
Micr. Scl,’’ Vol, xii, (1872), p, 333. 
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tbe virgin female wa« fotind to lay female eggs dtiring tlie greater 
pajrt of tke year, while male eggs, which are not found in the sme 
individuals, are half the size of the female ones, and are carried 
in clusters of often a score ’at a time.” The males are very small 
in comparison with the females, and are very short-lived, sometimes 
dying within an hour. In Rotifei', however, as in a large propor- 
tion of the group, no males have yet been discovered, probably 
because they are produced only at certain times. The female 
organ consists of a single ovarian sac, which frequently occupies 
a large part of the cavity of the body, and opens at its lower end 
by a narrow orifice into the cloaca. — Although the number of eggs 
in these animals is so small, yet the rapidity with which the whde 
process of their development and maturation is accomplished, 
renders the inulliplication of the race very rapid. The egg of the 
Uydatina is extruded from the cloaca within a few hours after the 
first rudiment of it is visible; and within twelve hours more the 
shell bursts, aiid. tlie young animal comes forth. Three or four 
eggs being deposited at once, it was calculated by Prof. Ehrenberg 
that nearly ffevenieen ^niJIioiis may be produced within twenty-four 
days from a siugle individual. In Ilofifer and several other 
genera, the clcveloj^meut of the embryo takes-place whilst the egg 
is yet I'ctained within the body of the parent (Fig. 810, A’), and the 
young are extruded alive ; whilst in some other instances the eggs, 
after their extrusion, remain attached to the posterior extremity ot 
the body (Fig. 80i)), until the young are set free. The transpa- 
rence of the egg-membranc, and also of the tissues, of the parent 
Eotifer, allows the process of development to be watched, even 
when the egg is retained within the body ; and it is curious to 
observe, at a very early period, not merely the red eye- spot of the 
embryo, but also a distinct ciliary movement. In general it would 
seem that wiiether the rupture of the egg-membrane takes-place 
before or after the egg has left the body, the germinal mass within 
it is developed at once into the form of the young animal, which 
usually resembles that of its parent ; no preliminary metamorphosis 
being gone through, nor any parts developed which are not to be 
permanent. In Floscularla ornatoy however, the young leave the 
eggs in the shape of little maggots, from one end of which a tuft 
of eilia soon appears. The form changes in a few hours, the 
ciliated end becoming lobed, and the body rounded. The foot is 
developed later.* — In the curious Notommata Werneclciiy which is 
found parasitic in the reproductive capsules of Vaucheria (§ 249), 
the young animal has the general organization of the free-swim- 
imng* Rotifers, and leads a similarly active life ; but when its eggs 
are becoming mature, it finds its way into one of these capsules 
and there undergoes a remarkable deformation, its characteristic 
organs disappearing, and its body becoming a large egg- sac, which 
seems to be nourished by absorption. f 

• See Mr. Slack’s « Marvels of Pond Life,” 2nd Edit, p. 54. 

t See Balbkni in “ Jotim. Roy, Micmsc. Soc,,” Vol. ii. (1870), p. 5S0. 
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451. Even in those species which nsnally hatch theit eggs 
within their bodies, a dilerent set of Ova is occasionally developed, 
which are furnished with a thick glutinous investment; these, 
which are extruded entire, and are laid one upon another, so as at 
last to form masses of considerable size in proportion to the bulk 
of the animals, seem not to be destined to come so early to 
maturity, but very probably remain dormant during the whole 
winter season, so as to produce a new brood in the spring. These 
‘ winter-eggs’ are inferred by Prof. Huxley, from the history of their 
development, to be really genniim produced by a non-sexual ope- 
ration ; while the bodies ordinarily known as ova, ho considers to 
be true generative products. Prof. Cohn, however, states that ho 
has ascertained, by direct experiment upon those species in which 
the sexes are distinct, that the bodies commonly termed ‘ova* 
(Figs. 309, 310) are really hitemal gemwoby since they are repro- 
duced, through many successions, without any sexual process, ^ust^ 
like the external gemma) of Hydra (§ 515), or the’ internal gemm® 
oi Enfomostraca (§ 609) and Aphides (§ 643); whilst the ‘winter- 
eggs ’ are only produced as the result of a true generative act.’*' 
By M. Balbiani, however, it is affirmed (/oc. cit.) that the ‘winter- 
eggs,’ like the ordinary eggs, are produced non-sexually ; so that 
it would seem as if the intervention of the true generative act is 
only occasionally required for the continued propagation of these 
interesting creatures. 

452. Certain Botifera, among them the common Wheel- Ani- 
malcule, are remarkable for their tenacity of life, even when reduced 
to such a state of dryness that they will break in pieces when 
touched with the ])oint of a needle (as the Author nas himself 
ascertained) ; for they can be kepd in this condition for any^ length 
of time, and will yet revive very speedily upon being moistened. 
Taking advantage of this fact, some Microscojnsts are in the habit 
of keeping by them stocks of desiccated Kotif era, which can he 
distributed in the condition of dry dusty powder. The desiccating 
process has been carried yet farther with the tribe of Tardigrada 
(§ 453, TV.) ; individuals of which have been kept in a vacuum for 
tliirty days, with sulphuric acid and chloride of calcium, and yet 
have not lost their capability of revivification. These facts, taken 
in connection with the extraordinary rate of increase mentioned in 
the preceding paragraph, remove all difficulty in accounting for the 
extent of the diffusion of these animals, and for their occurrence in 
incalculable numbers in situations where, a few days previously, 
none were known to exist. For their entire bodies may be wafted 
in a dry state by the atmosphere from place to place ; and their 
return to a state of active life, after a desiccation of unlimited 
duration, may take place whenever they meet with the requisite 
conditions — moisture, warmth, and food. It is probable that the 

♦ Bee Ill's Memoir, ‘Ueber die Fortiiflauzuiig dor K5dertbiere,‘ iti “ Siobold 
and Kdllikor’s Zeitsclirift,” 1855. 
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at© ca|>aWa of sustaining treatment CTen mote severe than the 
fulliir 4evdoped Animals can bear ; and that the race is frequently 
continued by them when the latter have perished. — It is not 
requisite to suppose, however, that in any of the foregoing oases 
^e desiccation is complete; for it appears that Wheel- Animal- 
cules, iu drying, exude a glutinous matter that forms a sort of 
impervious casing, which may keep-in the remaining fluid.* When 
acted on by heat as well as by drought, Rotifers and Tardigrades 
lose their vitality ; yet the former have survived a gradual heating 
up to 200° Fahr. 

453. The principles on which the various forms that belong to 
this Class should be systematically arranged, have not yet been 
satisfactorily determined. By Prof. Ehren- 
Fig. 312. berg, the disposition of the ciliated lobes or 

wheel-organs, and the enclosnre or non- 
enclosure of the body in a lorica or case, 
were taken as the basis of his classification ; 
but as his ideas on both these points are 
inconsistent with the actual facts of orga- 
nization, the arrangement founded upon them 
cannot be received. Another division of the 
class has been propounded by M. Dujardin, 
which is based on the several modes of life 
of the most characteristic forms. And in a 
third, more recently put forth by Prof.Leydi", 
the general configuration of the body, with 
the presence, absence, and conformation of 
the foot (or tail) are made to furnish the 
characters of the subordinate groups. Either 
of the two latter is certainly more natural 
than the first, as bringing together for the 
most part the forms which most agree iu 
general organization, and separating those 
which differ; and we shall adopt that of 
M. Dujardin as most suitable to our present 
purpose. 

I. The first group includes those that 
habitually live attacned by the foot, which 
is prolonged into a pedicle ; and it includes 
two families, the Flosmlarians and the Meli^ 
certiam, the members of which are commonly 
found attached to the stems and leaves of 
aquatic plants, by a long pedicle or foot-stalk, 
Stfphanooeros EichomU bearing a somewhat beli-sbaped body. In 
one of the most beautiful species, the Stspha- 
noo&roe Eichomil (Fig. 312), this body has five long tentacles, 
beset with tufts of cilia, whilst the body is enclosed in a gelatinous 
♦ See Bevis in “Monthly Microsc, lourn.’» Vol. ix. (1863), p. 207 ; als6 
Slack, at p. 241 of same volume. 
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cylindrical cell. At first sirfit, the tentacles of this Eotifer may 
seem to resemble those of the Polyzoa ; but, if they are carefully 
illuminated, the filaments ■which beset them will be found to be 
much larger, to be arranged differently, and to exhibit only an 
occasional motion, not at all resembling the regular rhythmical 
vibrations of the cilia of Polyzoa.* In fact, they seem rather to 
deserve the designation of sct(jQ (bristles) ; for “ their action is spas- 
modic, it creates no vortex, and it is only by actual contact with 
these «e^oB that floating particles are whipped within the area 
enclosed by the lobes, where by the same whipping action they 
are twitched from point to point irregularly downwards, until they 
come within the range of a vortex that is due, not to any action of 
the RdicB, but to a range of minute cilia in the funnel.” f A care- 
ful comparison of Stephattoceros with other forms, shows that its 
tentacles are only extensions of the ciliated lobes which are 
common to all the members of these families ; and the cylindrical 
‘ ceir which envelopes the body is formed by a gelatinous secretion 
from its surface, tlirowu-off in rings, the indications of which often 
remain as a series of constrictions. In respect of the length of the 
filaments projecting from its lobes, and the breadth of these ex- 
pansions, Flosciilarla is still more aberrant. — The body of Melioerta 
18 protected by a most curious cylindrical tube, composed of little 
rounded pellets agglutinated together ; this is obviously an artificial 
construction, and the process by which it is built may be watched 
by any Microscopist who is fortunate enough to capture it.J 
Beneath a projection on its head, there is observed a small disk- 
like organ, in which, when the ‘wheels’ are at work, a movement 
is seen very much resembling that of a revolving ventilator. 
Towards this disk the greater proportion of the solid particles that 
may be drawn from the surrounding liquid into the vortex of the 
wheel-organs, are driven by their ciliary movement, a small part 
only being taken into the alimentary canal ; and there they accu- 
mulate until the aggregation (probably cemented by a glutinons 
secretion furnished by the organ itself) acquires the size and fom 
of one pf the globular pellets of the case; the time ordinarily 
required being about three minutes. The head of the animal then 
bends itself down, the pellet-disk is applied to the edge of the tube, 
the newly-formed pellet is attached there, and, the head being 
lifted into its former position, the formation of a new pellet at once 

♦ In ordinaiy drawings, the filaments of the StppTwnoceros are represented as 
short bristles ; tins is an error arising from bad mstnimeuts or defective illu- 
mination. It requires considerable skill to show these filaments, or those of 
the Floscularia, in their true length; but the beauty of tlie objects is greatly 
in^nreased when this is accomplished. 

t See Mr. C. Cubitt’s * Observations on the Economy of Stophauocoros,* in 

Monthly Microsc. Journ,,” VoL iii,, (1870), p. 242. 

t See Gosso ‘ On the architectural instincts of Afalicerta rinfftns/ in “ Trans, 
of Microsc. Soc.,” Vol. iii. (1852), p. r>8 ; also Bed we 11 in “ Monthly Microsc. 
.Tourn.,” Vol. xvi. (1877), p. 214 ; and Hudson in “ Joum. Eoy. Microso. 8ec.,“ 
Vol. ii. (1879), p. 1. 



m 


mcmmna wcmm of akimai* life. 


‘ CTarious example of this family is presented 

by the OonocMlm volvox ; which is found in spherical clusters com- 
posed of a considerable number of individuals adherent by their 
tails, their bodies being arranged in a radiating manner, and the 
intervals between them being filled up by a gelatinous substance. 
There is not, however, any such organic connection between them 
as exists in the Ophrydium {§ 440); and the uniting substance seems 
to be nothing else than the clear slimy secretion which probably all 
Motif m*a exude from the surface of their bodies. It is into this 
that the eggs are extruded ; and as they are hatched in it, the 
young produced from them remain to form part of the cluster ; 
but, as its numbers increase, the cluster breaks up into two or 
more, which in their turn enlarge and then subdivide, so that 
a pond to whose bottom the ‘winter eggs’ of the year before 
have subsided, becomes alive with them in the early summer of the 
following year.* — The Lachmlaria sorlalis, in like manner, forms 
transparent gelatinous-looking globular clusters, about l-5th of 
an inch in diameter, which attach themselves to the leaves ot‘ 
aquatic plants. 

11. The next of Bujardin’s primary groups (ranged by him 
however, as the third) consists of the ordinary Rotifer and its 
allies, which pass their lives in a state of alternation between 
the conditions of those attached by a pedicle, of those which 
habitually swim freely through the water, and of those which 
creep or crawl over hard surfaces. — As these have already been fully 
described, it is not requisite to dwell longer upon them. 

in. The next group consists of those Kotit'era which seldom or 
never attach themselves by the foot, but habitually swim freely 
throu§rh the water ; and putting aside the peculiar aberrant form 
Al^eiiia, which has only been found as a parasite in the intestines 
of Worms, it may bo divided into two families, the BracMonimis 
and the Farcnfarimis. The former are for the most part dis- 
tinguished by the short, broad, and flattened form of the body 
(Figs. 309, 313) ; which is, moreover, enclosed in a sort of 
cuirass, formed by the consolidation of the external integument. 
This cuirass is often very beautifully marked on its surface, and 
may be prolonged into extensions of vaiions forms, which are 
sometimes of very considerable length. The latter (corresponding 
almost exactly with the Hydatinctr} of Prof. Ehrenberg) derive 
their name from the bifurcation of the foot into a sort of two- 
bladed forceps ; their bodies are ovoidal or cylindrical, and are 
enclosed in a flexible integument, which is often seen to wrinkle 
itself into longitudinal and transverse folds at equidistant lines. 
To this family belongs the llydaiina scuta, one of the largest of 
the Botifera, which was employed by Prof. Ehrenberg as the chief 
subject of his examination of the internal structure of this group; 
as does also the Aspl^anchna, the curious condition of whose diges- 
tive apparatus has been already noticed (§ 448). 

* See Davis in “ Monthly Microsc, Journ.,’* Vol. xvi. (1876), p. 1. 
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IV. Tbe fourtli of M. Dujardin’a primary orders consists of the 
very ourioas tribe, first carefully investigated by M. Boybre, to 


Fig. 313 . 



quatlricornk ; A, dorsal view ; B, side view. 


wHcb tbe name of Tifnligrada lias been given, on account of the 
slowness of their creepiog movement. It seems now clear, how- 
ever, that they have no near relationship to the true Rotifera ; corre- 
>monding to them only in their minute size and simple structure. 
They are found in the same localities with the Rotifers, and, like 
them, can be revivified after desiccation (§ 4o2) : but they have a 
vermiform body, divided transversely into five segments, of which 
one constitutes the head, whilst each of the others bears a pair of 
little fleshy protuberances, furnished with four curved hoots, and 
much resembling the pro-legs of a caterpillar. The head is entirely 
unpossessed of ciliated lobes ; and the mouth, situated at the end of 
a sort of beak furnished with two longitudinal stylets, leads, through 
a muscular pharynx, Jnto a wide alimentary canal, which gradually 
narrows to the anus. There are no special organs of circulation or 
respiration, but the nervous system is much more developed than 
in the Rotifera; a cerebral mass, bearing two eyes, giving origin to 
two longitudinal cords, on which are seated pairs of ganj^ia in 
connection with the members, as in Articulated animals generally. 
Their nearest affinities seem with the lowest forms of the 


454. Notwithstanding that all the best-informed Zoologists are 
now agreed in ranking the true Botifera among Atiiculated 
animals, yet there is still a considerable discordance of opinion as 
to the precise part of that series in which they should stand. Prof. 
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wl^}ia« 4e7oled diteastimi to i^e of i^e o!a«s, 
fmim tJioni m most allied to the Chrusimea, mi terms them 
‘ <^ll(HmtLStaoeaJCis; and the carious Entomostracau-looking FedaUou 
di Dr. Hudson might seem a link with that group.* Prof. 
Huxler, on the other hand, has argued that they are more connected 
with the Annelida, through the resemblance which they bear to the 
early larval forms of that class (§ 595 ) ; while in their single 
bilooed nerve-ganglion and water- vascular system, they seem allied 
to Flanaria 593).t 

• See Prof. E. Pay Lankoster’s ‘Pcmarks on PedaHon,' in “ Quart. Jouni. 
Microftc. Sci.,” Vol. xii. (1878), p. 338. 

t The following Treatises aud Memoirs (in addition to those already 
referred to) contain valuable information in regard to the lifo-history of 
Animalcules and their principal forms : — Ehrenberg, “Die Infusionsthierchen,” 
IBerlin. 1838; Dujardin, “Histoiro Naturelle des Zoophytes Jnfusoires,” Paris, 
1841; Pritchard, “ History of Infusoria,” 4th Ed., London. 1861 (a comprehensive 
repertory of informatitm) ; Stein, “ Der Organismus des Infusionsthiero,” Leipzig, 
Erste Abtheilung, 18o9, Zweite Abtheilnng, 1867, Dritte Abtboilung,Iiaifte i, 
1878; Savillo ICenPs “ Manual of the Infusoria/’ 1880-1 ; and Prof. JBUtschli’s 
Protozoa (1880, 1881) in the new edition of “Bronn’s 'I'hier-reichs.” — For the 
RhizopoDA and Infusoiua specially, see Olaparddo and Tiachmann, “ !6tudes 
sur les Infusoires et les Rbizopodes,” Geneva, 1858-1861 ; Cobu, in “ Siehold aud 
KGlliker’s Zeitschrift,” 1851-4, and 1857 ; Lieberkiibn, in “MiillePs Archiv,” 
1856, and “ Ann. of Nat. Hist.,” 2nd Ser., Vol. xviii., 1856 ; Engellmann, “ Zur 
Naturgeschicbte der Infusions Thiore” (1862) ; and Prof. Butsehli’s “ Studien 
(Uier die Conjugation der Infusorion,” &e., 1876. — For the Eotifeha specially, 
see Loydig, in “Riebold and KOlliker’s Zoitscbrift,” Bd. vi., 1854; Gosso on 
Melicmia ringens^ in “ Quart, Journ. of Microsc. Science,” Vol. i. (1853), p. 1 ; 
Huxley on LacimUaria soclalh in “Transact, of Microsc. Soc.,” Ser. 2, Vol. i. 
(1853), p. 1 ; and Oohn, in “ Siebold and KOlliker’s Zeitschrift,” Bdo. vii., ix. 
(1856, 1858). Mr. Slack’s “Marvels of Pond Life’’ (2nd Edit., London, 1871) 
(ioutains many interestin'^- observations on the habits of Infusoria and Rotifeni. 



CHAPTER XII. 


FORAHINirEKA AND IIADIOLAIUA. 

455, RetuknijS’g now to the lowest or JR/mopod? type of Animal 
life (Chap, x), we have to direct our attention t.o two very remark- 
able series of forms, almost exclusively Marine, under which that 
type manifests itself ; all of them distinguished by skeletons so 
consolidated by IVIineral deposit, as to retain their form and intimate 
structure long after the Animals to which they belonged have 
ceased to live, even for those undefined periods in which they have 
been imbedded as Fossils in strata of various geological ages. In 
the first of these groups, the Foranuniferaj the skeleton usually 
consists of a calcareoas many-chambered Shell, which closely 
invests the sarcode-body, and which, in a large proportion of the 
p’oup, is i)erf()rated with numerous minute apertures ; this shell, 
however, is sometimes replaced by a ‘test,’ formed of minute grains 
of sand cemented together ; and there are a few cases (§ 397) in 
which the animal has no other protection than a membranous 
envelope. — In the second group, the Eadiolaria, the skeleton is 
always siliceous; and may be either composed of disconnected 
spicules, or may consist of a symmidrical open framework, or may 
have the form of a shell perforated by numerous apertures, whicii 
more or less completely encloses the body. — The Foraminijrera 
probably take, and always have taken, the largest share of any 
Animal group in the maintenance of the solid calcareous portion 
of the Earth’s crust ; by separating from its solution in Ocean- 
water the Carbonate of Ijime continually brought down by rivers 
from the land. The Eadiolaria do the same, though in lar less 
measure, for the Silex. And both extract from Sea-water the 
Organic matter universally diffused through it, converting it into 
a form that serves for the nutrition of higher Marine animals. 

Section I. — Foraminifera. 

456. The animals of this group belong to that Eetuyidanojniorm of 
the Rhizopod type (§ 397), in which, — with a differentiation between 
the containing and the contained aareodic substance which is involved 
in the formation of a definite investment, — a distinct nuclms (some- 
times single, in other cases multiple) is probably always present,** 

The absence of » nucleus was long supposed to be a characteristic of the 
animal of tlio Foramini/era ; and its presence in Gromia (first detected by 
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The Shells of Foraminifera are, for the most part, 
or maay-chambered (Plate xv.) ; often so strongly resembling those 
of Naniilm, Hpif uldt and other Cephalopod Mollusks, that it is not 
»urj)Ti8ing that the older Naturalists, to whom the structure of 
these animals was entirely unknown, ranked them under that Class. 
But independently of the entire' difference in the character of the 
animal bodies by which the two kinds of shells are formed, there 
is a most important distinction between them in regard to the 
relation of the animal to the shell. For whilst, in the chamhcred 
shells of the N^nuf H uh nud other Cephalopod s, the animal is a single 
individual tenanting only the last formed chamber, and withdrawing 
itself from each chamber in succession, as it adds to this another and 
larger one, the animal of a naiitiloid Foraminifor has a componifp, 
body, consisting of a number (sometimes very large) of ‘^segments/ 
each repeating the rest, which continues to increase by gemmaiUtu 
or budaing from the last-formed segm(‘nt. And thus each of the 
chambers, however numerous they may be, is not only foniied, Imt 
continues to be occupied, by its own segment ; wliich is connected 
with the segments of earlier and later formation by a continuons 
‘stolon’ (or creeping stem), that passes through apertures in the 
sppta or partitions dividing the chambers. — From \^at we know of 
the semi-fluid condition of the sarcode-body in the Eeticulariaii 
type (§ 397), there can be little doubt that there is an incessant 
circulatory change in the actual substance of each segment; so that 
the material taken -in as food by the segments nearest tbe surface 
or margin, is speedily diffused through the entire mass. The relation 
lietween these ‘ polythalamous ’ forms, therefore, and the monotlialn- 
irwm or siugle-cnambered, — of which we have already had an 
example in Gromia (§ 397), and of wliich others will be presently 
described, —is simply that whereas any buds produced by the latter 
detach themselves to form separate individuals, those put forth by 
the former remaiu in continuity with the parent stock and witli 
each other, so os to form a * composite’ Animal and a ‘ polythala- 
mous’ Shell. 

457. According to the plan on which the gemmation takes place, 
will be the configuration of the shelly structure produced by the 
segmented body. ’^I’hus, if the bud should be put forth from the 
aperture of a iMffena (Plate xv., fig. 0) in the direction of the 
axis of its body, and a second shell should be formed around this 
bud in continuity with the first, and this process should be sucxies- 
sionally repeated, a straight rod-like shell would be produced 
(fig. 10), whose multiple chambers communicate with each other by 
the openings that onginally constituted their mouths ; the moutk 
of the last-formed chamber being the only aperture through which 

Wttllicli) w»8 regapded as differentiating that tyj^ from tho Fomminffent proper. 
But the reMimmes of Hertwig and Lesser having established its |>res 0 nce in 
seyend true Foraminifera, and the Authoi-’s own observations on other forms 
having confirmed theirs, its general presence may be fairlj- assumed, until con- 
tra#cted by move exhmded observation. 
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the aarcodo-body, thus composed of a number of segments connected 
by a peduncle or ‘ stolon’ of the same material, could now project 
itself or draw-in its food. The successive segments may be all of 
the same size, or nearly so, in which case the entire rod will ap- 
proach the cylindrical form, or will resemble a lino of beads ; but it 
often happens that each segment is somewhat larger than the pre- 
ceding (ng, 11), so that the composite shell has a conical form, the 
apex of the cone being the original segment, and its ba^ tbo one 
last formed.— -The method of growth now described is common to a 
large number of Foraminifera, cbiclly belonging to the genus 
Noclomrina ; but even in that genus wo have every gradation 
between the rcciilinml (Hg. JO), and the npiral mode of growth 
(hg. 11) ; whilst in the genus Peneroplis (tig. 5) it is not at all un- 
common for shells which commence in a spiral to exchange this in 
a more advanced stage for the rectilineal. When the successive 
segments are added in a spiral direction, the character of the spire 
will depend in great degree upon the enlargement or non-enlargo- 
mont of the successively-formed chambers ; for sometimes it opens 
out very rapidly, every whorl being considerably broader than that 
which it surrounds, iu consequence of the great excess of the size 
of each segment over that of its predecessor, as in Foiveroplu ; but 
more commonly there is so little difference between the successive 
segments, after tbo spire has made two or three turns, that the 
breadth of each whorl scarcely exceeds that of its predecessor, as 
is well seen in tlio section of the Rotalia represented in Fig. 330. 
An intermediate condition is presented by suen a Rotalia as is shown 
in Fig. 314, which may be taken as a characteristic type of a very 
large and important group of Foraminifera, whose general features 
will be presently described. Again, a spiral may be either ‘ nautiloid’ 
or ‘ turbiuoid : the former designation being applied to that form 
in wliicli the successive convolutions all lie in one plane (as they do 
iu the Nautilus), so that the shell is ‘ equilateral’ or similar on its 
two sides ; whilst the latter is used to mark that form in which the 
spire passes obliquely round an axis, so that the shell becomes 
* inequilateral,’ having a more or loss conical form, like that of a 
Snail or a Periwinkle, tbo first-formed chamber being at the apex. 
Of the former we have characteristic examples in Polmtomella- 
{Plate XV., fig. 16) and Notiionina (fig. If)) ; whilst of tlie latter 
we find a typical representation in Rofalla Recnarii (fig. 18). Fur- 
ther, we find among the sheila whose increase takes place upon the 
spiral plan, a very marked difference as to the degree in wldch the 
earlier convolutions are invested and concealed by the latter. In 
the great Botaline group, whose characteristic form is a turbinokt 
spiral, all the convolutions are usually visible, at least on one side 
^ (figs. 15, 17, 18) ; but among the Nautiloid tribes it more freqnentlv 
happens that the last-formed whorl encloses the preceding to sneu 
an extent that they are scarcely, or not at all, visible externally, 
is the case in OriMeUaria (^^, 11), Pohjstomolla (fig. 16 1 , and Nomo^ 
nina (fig. 19). — The turbinoid spire may coil so rapidly round an 
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eloafated axis, iliat the number of chambeis in eaok turn is very 
11 ^ ; thus in Globuf&rma (fig, 12) there are usually only four ; 


Fig. 314. 



liotalia ornoto, with its pseudopodia extended. 

and in VahuUna the regular number is only three. Thug we are 
led to the hieerial arrangement of the chambers which is charac- 
teristic of the Te,rtulm'iau group (Hg. 14) ; in which wo find the 
chambers arranged in two rows, each chamber communicating with 
that above and that below it on the opposite side, without any direct 
communication with the chamber of its own side, as will be under- 
stood by reference to Fig. 328, a, which shows a ‘cast’ of the sarcode 
body of the animal. On the other hand, we find in the nautiloid spire 
a t^dency to pass (by a curious transitional form to be presently 
de^ribed, § 4fii) into the cyclical mode of growth ; in which the on- 
ginal segment, instead of budding-forth on one side only, developes 
ammm all round, so that a ring of small chambers (or chamberlets) 
18 formed around the primordial chamber, and this in its turn snr- 
iCunds itself after the like fashion with another ring ; and by suc^ 
oessive repetitions of the same process the shell comes to have the 
form of a disk made up of a great number of concentric rings, as we 
see in OrhUMm (Pig. 316) and in Cyclochjpeus (Plate xvx., fig. 1). 
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458. These and other differences in thej^?aji of grmoth wore made 
W M. D^Orbimy the foundation of his Classification of this group, 
’Which, thouj^ at one time generally acceptod, has now been 
abandoned by most of those who have occupied themselves in the 
study of the Foraminifera. For it has come to be generally admitt^ 
that * plan of gro^h’ is a character of very suboiSinate importance 
among the Foraminifera, so that any classification which is primarily 
based upon it must necessarily be altogether unnatural; those 
characters being of primary importance which have an immediate 
and direct relation to the Physiological condition of the Animal, 
and are thus indicative of the real affinities of the several groups 
which they serve to distinguish. The most important of these 
characters will now be noticed.* 

469. Two very distinct types of Shell-structure prevail among 
ordinary Foraminifera — namely, the porcellanous, and the hyaline 
or vitreous. The shell of the former, when viewed by reflected light, 
presents an opaque-white aspect which boars a strong resemblance 
to porcelain ; but when thin natural or artificial laminm of it are 
viewed by transmitted light, the opacity gives place to a rich 
brown or amber colour, which in a few instances is tinged with 
crimson. No structure of any description can be detected in this 
hind of shell- substance, which is apparently homogeneous through- 
out, Although the shells of this ‘ porcellanous’ type often present 
the appearance of being perforated with foramina, yet this appear- 
ance is illusory, being due to a mere ‘ pitting* of the external 
surface, which, though often very deep, never extends through 
the whole thickness of the shell. Some kind of inequality of that 
surface, indeed, is extremely common in the shells of the ‘ porcel- 
lanous* Foraminifera ; one of the most frequent forms of it being 
a regular alternation of ridges and furrows, such as is occasionally 
seen in Miliola (Plate xv., fig. II), but which is an almost constant 
characteristic of Pmeroplis (fig. 6), But no difference of texture 
accompanies either this or any other kind of inequality of surface ; 
the raised and depressed portions being alike homogeneous, — In the 
shells of the vitreous or hyaline type, on the other hand, the proper 
shell-substance has an almost glassy transparence, which is shown 
by it alike in thin natural laraellse, and in artificially-prepared 
specimens of such as are thicker and older. It is usually colour- 
less, even when (as in the case with many llotaUnai) the substance 
of the animal is deeply coloured ; but in certain alierrant Kotalines 
the shell is commonly, like the animal body, of a rich crimson hue. 
All the shells of this type are beset more or less closely with 
iuhular jxn'forations, which pass directly, and (in general) without 
any subdivision, from one surface to the other. These tubuli 
are in some instances sufficiently coarse for their orifices to be 

♦ This subject will be found amply discussed in the Author’s Introduction 
to the Study of the Foraminifera,** published by the lUy Society ? to wbldh 
wmk he would refer such of his readers^ may desire more detailed infomm- 
Um in regard to it 
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dktmgulglied with alow magnifymgpower, as * punctations * on tho 
Hurface of the shell, as is shown in Fig. 314 ; whilst in other cases 
they are so minute as only to be discernible in thin sections seen 
by transmitted light under a higher magnify ing power, as is shown 
in Figs. 335, 336. When they are very numerous and closely set. 
the shell derives from their presence that kind of opacity which is 
characteristic of all minutely-tubular textures, whose tubuli are 
occupied either by air or by any substance having a refractive 
power different from that of the intertubular subvstance, however 
perfect may be the transparence of the latter. ITio straightness, 
parallelism, and isolation of these tubuli are well seen in vertical 
sections of the thick shells of the largest examples of the group, 
such as Numnialina (Fig. 335). It often happens, however, that 
certain parts of the, shell are loft unchannelled by these tubuli ; 
and such arc readily distinguishefl, even under u low magnifying 
power, by the readinc'ss with which they allow transmitted light 
to pass through them, and by the peculiar vitreous lustre they 
exhibit when light is throwm oblkpiely on their surface. In shells 
formed upon this tyj^e, we frequently find that the surface presents 
either bands or spots which are so distinguished ; tlie non -tubular 
hands usually marking the position of the septa, and being some- 
times niised into ridges, though in other instances they are either 
level or somewhat depressed; whilst the non-tubnlar sjfots may 
occur on any part of the surface, and are most commonly raised 
into tubercles, which sometimes attain n size and number that give 
a very distinctive aspect to the shells that boar them. 

460. Fletweeii the comparatively coarsf 2 )erforations which are 
common in the llotallnn type, and the ininnfe tubuli whicli are 
charactenstie of the Nnniniidhu\ there is such a continuons grada- 
tion us indicates that their mode of formation, and ]>robably their 
uses, are essentially the same. In the former, it has been demon- 
strated by actual observation that they allow the passage of 
pseudopodhil extensions of the sarcode-body through every part of 
the external wall of the chambers occupied by it (Fig. 314) ; and 
there is nothing to oppose the idea that they answer the same 
purpose in the latter, since, minute as they are, their diameter is 
not too small to enable them to be traversed by the finest of the 
threads into which the branching pseudopodia of Foraminifera are 
known to sulxlivide themselves. Moreover, the close approximation 
of 'the tubuli in the most finely-perfora-ted Numinulines, maketc 
their collective area fully equal to that of the larger but more 
scattered pores of the most coarsely-perforated Rotalines. Hence 
it is obvious that the inhiilatioa or non-fuhulafion of Foramini- 
feral shells is the key to a very important Phy.sioiogical difference 
between the Animal inhabitants of the two kinds respectively ; 
for whilst every segment of the sarcode-body in the former case 
gives off pseudopodia, which pass at once into the surrounding 
medium, and contribute by tneir action to the nutrition of the 
augment from which they proceed, these pseudopodia are limited 
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m the latter case to ike final a^pnent, issuiug-forth only through tho 
a^rture of the last ehamber, so that all the nutrient material 
which they draw-in must be first received into the last segm^t, 
and be transmitted thence from one segment to another until it 
reaches the earliest. With this difference in Uio physiological con- 
dition of the Animal of these two types, is usually associated a 
further very ira 2 )ortant dift’erence in the conformation of tho 
Shell— viz., that whilst the a 2 )erture of communication be^oen 
the chambers, and between the last chamber and the exterior, in 
usually very small in the ‘ vitreous* shells, serving merely h) give 
passage to a slender stolon or thread of sarcode from which tho 
succeeding segment may bo budded-off, it is much wider in the 
' poroellanous* shells, so as to give passage to a ‘ stolon’ that may 
not only bud-off new segments, but may serve as the medium 
for transmitting nutrient material from the outer to the inner 
chambers. 

461. Between the highest types of the Torcellanom and the 

Vitreom series reH 2 )ectively, winch frequently bear a close resem- 
blance to each other in fornix there are certain other well-marked 
differences in which clearly Jndicatc their essential dis- 

similarity, Thus, for example, if we compare OrbitolUos (Pig. 316) 
with Cychchjpens (Plate xvi., fig. 1), we recognize the same plan 
of growth in each, tho chamberlots being arranged in concen- 
tric rings around the primordial chamber ; and to a superficial 
observer there would appear little difference between them. But 
a minuter examination snows that not only is the texture of the 
shell ‘ porcellanous ’ and non-tubular in OrhiiolltcSf whilst it is 
^ vitreous’ and minutely tubular in Cyclorlypciis ; but that the par- 
titions between the cnamberlets are slwjle in the former, whilst 
they are doiihU in the latter, each segment of the sarcode-body 
having its own proper shelly investment. Moreover, between 
these double partitions an adtlitional deposit of calcareous sub- 
stance is very commonly found, constituting what may be termed 
the intenmduite sicchtoii ; and this is traversed a peculiar 
system of inosculating canals^ which pass around the chamberlets 
in interspaces left l^tween the two lamintB of their partitions, 
and which seem to convey through its substance extensions of 
tho sarcode-body whose segments occupy the chamberlots. We 
occasionally find this ‘intermediate steleton’ extencling itself 
into pecuhar outgroivih.s, which have no direct relation to the 
chambered shell ; of this we have a very curious example in Oal- 
Carina (Plate xvi., fig. 3); and it is in these tlrnt we find the 
‘canal-system* attaining its greatest development. Its Ynost 
regular distribution, however, is seen in Polystomdla and in 
(}per<yulina ; and an account of it will be given in the description 

of those types. ^ • » v « 7 i 

462. PoKCKLLANBA. — Commendug, now, with the PorceUanmis 
series, we shall briefly notice some of its most important ^nns, 
which are so related to each other as to constitute but the one mnuiy 
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MiUoUda, Its eimpkst type ia presented by t^e Gommpim (Plate 
fig. 1) of OTir own coasts,? tonnd attached to Sea-weeds and 
Zoophytes ; this is a minute spiral shell, of which the interior forms 
a contmuouB tube not divided into chambers ; the latter portion of 
the spire is often very much flattened-out, as in Pe'im'oplis (fitg 6), 
so that the form of the mojith is changed from a circle to a long 
narrow slit. — Among the commonest of the Foraminifera, and 
abounding near the shores of almost every sea, are some forms of 
the Milioliiie type, so named from the resemblance of some of their 
minute fossilized forms (of which enormous beds of limestone in the 
neighbourhood of Paris are almost entirely composed) to millet- 
seeds. The peculiar mode of growth by which these are character-. 
izedf will he best understood by examining in the first instance the 
form which has lieen designated as Spirolooulina (Plate xv., fig. 2). 
This shell is a spiral, elongated in the direction of one of its diame- 
ters, and having in each turn a contraction at either end of that- 
diameter, wliich partially divides each convolution into two cham- 
bers; the separation between the consecutive chambers is made 
more complete by a peculiar projection from the inner side of the 
cavity, known as the ‘ tongue’ or ‘ valve,’ which may be considered as- 
an imperfect septum ; of this a characteristic example is shown in 
the upper part of fig. 4. Now it is a very general habit in the 
Milioline tyjie, for the chambers of the later convolutions to extend 
themselves over those of the earher, so as to conceal them more 
or less completely; and this they very commonly do somewhat 
unequally, so that more of the earher chambers are visible on 
one side than on the other. Millolm thus modified (fig. 3) have 
received the names of Quhigtioloml!>ia and Triloculhm according 
to the number of chambers visible externally ; but the extreme 
incoast^cy which is found to mark such distinctions, when the 
comparison of 8|>ecimeus has been sufficiently extended, entirely 
destroys their value as difterential characters. Sometimes the 
et^lier convolutions are so completely concealed by the later, that 
only the two chambers of the last turn are visible externally ; and 
in this type, which has been designated BUomlina, there is often 
such an mcrease in the breadth of the chambers as altogether 
change the usual proportions of the shell, which has almost the 
shape of an egg when so placed that either the last or the penulti- 
maio ch^ber fac^s the observer (Plate xv., fig. 4). It is very 
common in Milioline shells for the external surface to present a 
‘ pitting,* more or less deep, a ridge-and-fuirow arrangement (fig. 3), 
or a honeycomb division ; and tiiese diversities have been used for 
the characterization of species. Not only, however, may every 
intermediate gradation be met-with between tire most stremgiy 
marked forms, but it is not at all uncommon to find the aozlaee 
smooth on some parts, whilst other parts of the surfaoe in the 
same ehell are de^y pitted or stron^y ribbed or hon^combed ; 
so that here again the inconstancy of these difierenoes d^^ves 
them el ail vtdue as distinctive eha^mtezs. 
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463. Bevertmg again to the primitive type presented in tlie 
simple spiral of Oormupira^ we find the most oomjpete development 
of it in PenerfjpUs (Plate xv., fig. 5), a very beauUfiil form* 
which, although very rare on our own coasts, is one of the 
commoneBt of all Foraminifera in the shore-sands and shallow 
wa^r dredgings of the wanner regions of every part of the globe* 
This is a nautiloid shell, of which the spire flattens itself out as it 
advances in growth ; it is marked externally by a series of trans*! 
verse bands, which indicate the position of the internal septa that 
divide the cavity into chambers ; and these chambers communicate 
with each other by numerous minute pores traversing each of the 
septa, and giving passage to threads of sarcode that connect the 
segments of the body. At a is shown the ‘ septal plane’ closing-in 
the last-formed chamber, with its single row of pores through which 
the pseudopodial iilaments extend themselves into the surrounding 
medium. The surface of the shell, which has a peculiarly * por- 
cellanous’ aspect, is marked by closely- set 8trm that cross the 
spaces between the successive septal bauds ; these markings, how- 
ever, do not indicate internal divisions, and are due to a surface- 
furrowing of the shelly walls of the chambers. This type passes 
into two very curious modifications ; one having a spire which, 
instead of flattening itself out, remains turgid like that of a 
Nautilus^ having only a single aperture, which sends out Assured 
extensions that subdivide like the branches of a tree, suggesting 
the name of Bewlnihia ; the other having its spire continued in a 
rectilineal direction, so that the shell takes the form of a crosier, 
this being distinguished by the name of Sjyirolhia, A careful 
examination of intermediate fonns, however, has made it evident 
that these modifleations, though ranked as of generic value by M. 
D‘Orbigny, are merely vandal; a continuous gradation being 
found to exist from the elongated septal j)lane of Peneroplis, witl^ 
its single row of isolated pores, to the arrow-shaped, oval, or even 
circular septal plane of Dendritina, with all its pores fused together 
(so to speak) into one dendritic aperture ; and a like gradation bring 
presented between the ordinary and the ‘ spiroline’ forms, into 
which both Feiieroj^lh and Bendrititva tend to elongate themselves. 

464. From the ordinary nautiloid multilocular spiral, we now 
pass to a more complex and highly-developed form, which is re- 
stricted to tropical regions, but is there very abundant — that* 
namely, which has received the designation (Plate xv., 

figs. 6, 7, 8). The relation of this to the preceding will be best 
under^od by an examination of its earlier stage of growth, repre- 
sented in fig. 7 ; for here we see that the shell resembles that of 
PeneropHs in its general form, but that its principal chambers are 
divided by * secondary septa’ passing at right angles to the primary,’ 
into * chiunberlets* occupied by sub-segments of the sarcooe-body. 
Each of iliese secondary septa is perforated by an aperture, so tibyat 
a eontinxious gallery is formed, through which (as in Fig. 316) ^lere 
passes a stolon that unites toother SO. the sub-segm^ts of 
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row. The chaioberlets of euasessiTe rows alternate with one 
another in iKmition ; and the pores of the principal septa ^ so 
disposed, that each ohamherletof any row normally commnnicatos 
wifli two chamberlets in each of toe adjacent rows. The later 
turns of the spire very commonly grow completely over the earlier, 
and thus the central i^rtion or ‘ umbilicus’ comes to be protuberant, 
whilst the growing edge is thin. The spire also opens-out at its 
growing margin, whicli tends to encircle the first-formed portion, 
and thus gives rise to the peculiar shape rox)resented in fig. 8, which 
is llie common aduncal tyj)e of this organism. But sometimes, 
even at an early age, the growing margin extends so far round on 
each side, that its two extremities meet on the opposite side of the 
original spire, which is thus completely enclosed by it ; and its 
subsequent growth is no longer spiral but cyclical^ a succession of 
concentric rinqa being added, one arouml the other, as shown in 
fig. 6. This change is extremely curious, as demonstrating the inti- 
mate relationsliip between the Hpiml and the cyclical plans of 
growth, which at first sight appear essentially distinct. In all but 
tihe youngest examples of Orhiculiua, the septal plane presents more 
than a single row of pores, the number of rows increasing in the 
thickest specimens to six or eight. This increase is associated with 
a change m the form of the sub-segments of sarcodo from little 
blocks ^to columns, and with a greater complexity in the general 
arrangement, such as will be more fully described hereafter in 
OfhitoUtea (§ 406). The largest existing examples of tliis type are 
far surpassed in size by those wliich make up a considerable part 
of a Tertiary Limestone on the Alalabar coast of India, wnose 
diameter reaches 7 or 8 linos. 

465. A very curious modiheation of the same general plan is 
shovm in Aheolina, a geuus of which the largest existing forms 
(Fig. 315) are commonly about one-third of an inch long, while far 
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MetoHmt i a, septal plane, showing multiple pores. 


larger specimens are found in the Tertiary Limestones of Scinde, 
Here the spire turns round a very elongate axis, so that the shell 
has almost the form of a cylinder drawn to a point at each ex- 
tremity. Its surface shows a series of longitudinal lines which 
mark the principal septa ; and the bands that intervene betwemi 
these are marked transversely by lines which show the subdivision 
oi the principal chambers into * chamberlets.’ The cliamberleta of 
ea^ row are oonneeted with each other, as in the preceding fype, 
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by a coiitintioTis g^ery ; and they communicate with those of the 
next row by a series of multiple pores in the principal septa, such 
^ constitute the external orifices of the last-formed series, seen on 
its septal plane at a, a. 

4M. The highest developement of that cyclical plan of growf^ 
which we have seen to be sometimes taken-on by Orbicuuna, is 
found in OrbitoUUn ; a type which, long known as a very abundant 
fossil in the earlier Tertiariea of the I^aris basin, has lately proved 
to be scarcely less abundant in certain parts of the existing Ocean - 
The largest recent specimens of it, sometimes attaining the sixe of 
a shilling, have hitherto been obtained only from the coast of New 
Holland, the Fijian reefs, and various other parts of the Polynesian 
Archipelago ; but disks of comparatively minute size and simpler 
organization are to be found in almost all Foramiuiferal sands and 
dredgings from the shores of the warmer regions of the globe, 
l>eing especially aiiundant in those of some of the Philippine 
Islands, of the Red Sea, of the Mediterranean, and especimfy of 
the iEgean. When such disks are subjected to microscophi ex- 
amination, they are found (if uninjured by abrasion) to present thtt 
structure represented in Fig. dlO; where we see on the surface (by 
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Simple disk of complanattv'^ laid oiwu to show its 

iuterior structure :~-a, central chamber; 6, circumambient 
chamlxir, surrounded by concentric; zones of chambcrlets 
connected witli each other by annular and racliating passages. 

incident light) a number of rounded elevations, arranged in oottr 
centric zones around a sort of nucleus (wliich has been laid-opeii in 
the figure to show its internal structure) ; whilst at the margin we 
observe a row of rounded projections, with a single a^rtnre or 
pore in each of the intervening depressions. In very thin difuce, 
the utrnotnre may often be brought into view by mounting thw 
in Canada balsam and transmitting light through them ; but in 
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those which aro too opaqne to be thus Been-through, it ie suffieiezit 
to nib«dowo one of the surfaces upon a stone* and then to mount 
the epecimen in balsam. Each of the superfcial elevations will 
then be found to be the roof or cover of an ovate cavity or ‘ cham- 
berlet,* which communicates by means of a lateral passage with the 
chamberlet on either side of it in the same ring; so that each 
circular zone of chamberlets might be described as a continuous 
annular passage, dilated into cavities at intervals. On the other 
hand* each zone communicates with the zones that are intomal 
and external to it, by means of passages in a radiating direction ; 
these passages run, however, not from the chamberlets of the inner 
zone to those of the outer, but from the connecting passages of the 
former to the chamberlets of the latter ; so that the chamberlets of 
each zone alteniate in position with those of the zones internal and 
external to it. The radial passages from the outermost annulus 
make their way at once to the margin, where they terminate, form- 
ing the ‘ pores’ which (as already mentioned) are to be seen on its 
eiterior. The central nucleus, when rendered sufficiently trans- 
parent by the means just adverted-to, is found to consist of a 
‘primordial chamber’ (u), usually somewhat pear-shaped, that 
communicates by a narrow passage with a mnen larger ‘ circum- 
ambient chamber’ (?^), which nearly surrounds it, and which sends 
off a variable number of radiating passages towards the chamberlets 
of the first zone, which forms a complete ring around the circum- 
ambient chamber.* 

4f67. The ddea of the nature of the living occupant of these 
cavities which might bo suggested by the foregoing account of 
their arrangement, is fully bome-out by the results of the examina- 
rion of the sarcodo-body, wliich may be obtained by the maceration 
in dilute acid (so as to remove the shelly investment) of specimens 
of Oi'hiiolUe that have been gathered fresh and preserved m spirit. 
Pot this body is found to iS composed (Fig. 317) of a mulritude 
of seifmentH of sarcode, presenting not the least trace of higher 
organization in any part, and connected together by * stolons ’ of 
the like substance. Tme ‘ primordial* pear-shaped segment, a, is seen 
to have bndded-otf its ‘ circumambient’ segment, 6, 1^ a narrow foot- 
stalk or stolon ; and this circumambient segment, after passing almost 
entirely round the primordial has budded-off three stolons, which 
swell into new sub-segments from which the first ring is formed. 
Scarcely two specimens are precisely alike as to the mode in 

* iithough the Above may bo cousidered the typical form of the Orbitolite, 
yety In a very large proportion of specimens, the first few zones are not com- 
plete ohpeLeii* the early ^wth having taken place from one side only; and there 
le VMVy be^tifal variety in which this oue-sideduess of increase imparts a 
dieli^iietfy clMwecter to the early growth, which soon, however, gives place 

te m tfellcMiit. — In the OrlMQlite»teH%iUsimw (Fig. 318) brought tip from depths 
el HHNI fiiithomeor more, the ^nnclens' ieformed by three orfomr tnmsof a spiral 
ideeeiy tesiembliii^tiiet of a Cbmi|pfm(|4^),with eainterriiplion elevwfy ledl- 
temee in grev^ eftwrwwMaheeopdaa 



K)RCEIXANOUS FORAMINIFERA. t-^ORBITOLITBS. 1555 


which the first ring originates from the * circumambient segment 
for sometimes a score or more of radial passages extend themselves 
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Composito Anirasl of Simple type of Orbitolltet cofnplanaht$ : 

— Oy amtml muss of sarcodo ; 6, circumambient sogmeut, ^ving 
off peduncles, in which onginate the concentric zones of sutb- 
segiueuts couuoctod by annular bands. 

from every part of the margin of the latter (and this, as correspond- 
ing with the plan of growth afterwards followed, is probably the 
typical arrangement); whilst in other cases (as in the example 
before us) the number of these jirimary ofisets is extremely small. 
Each zone is seen to consist of an assemblage of ovate sub-segments, 
whose height (which could not be shown in the figure) corresponds 
with the thickness of the disk ; these sub-segments, which are all 
exactly similar and equal to one another, are conned^ by an- 
nular stolons ; and each zone is connected with that on its exterior 
by mdial extensions of those stolons passing-off between the sub* 
segments. 

468. The radial extensions of the outermost zone issue-foxth ^ 
pseudopodia from the marginal i^res, searching-for and drawing-in 
aHmentary materials in the manner formerly described (§ 397) ; 
whole t>f the soft body, which has no communication whatever 
with the exterior save through these marginal pores, being 
nourish^ by tbe transmission of the products of digestion from »ono 
to zone, through similar bands of protoplasmic substance* In all 
cases in which the growth of the disk takes place with normal 
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regulari^, it i« probable that a complete circular *oae is added at 
once. Tlius we fmd this simple type of organization giving origin 
to fabrics of by no means microscopic dimensions, in whi^, how- 
ever, there is no other differentiation of parts than that concerned 
in tile formation of the shell ; every segment and every stolon 
(with the exception of the two forming the * nucleus') being, so far 
as can be ascertained, a precise re^ietition of every other, and the 
segments of the nucleus differing from the rest in nothing else than 
their form. The equality of the endowments of the segments is 
shown by the fact— of which accident has repeatedly furnished 
proof— that a small portion of a disk, entirely Bei)arated from the 
remainder, will not only continue to live, but will so increase as to 
form a new disk (Fig. 318) ; the want of the ‘ nucleus* not appealing 
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Disk of OtifitoliUt tenuisaimua^ formed round fragment of 
previous disk. 

to be of the slightest consequence, from the time that active life is 
estabUahed in 8ie outer zones. 

469. One of the most curious features in the history of this tjye 
isite capacity for developing itself into a form which, whilst funoa- 
mentally the same as that previously described is very much more 
oomplez* In all the larger specimens of OrbifolUe, we observe that 
the marginal pores, instead of constituting but a single row, form 
many rows one above another ; and besides this, the chamberlets 
of the two surfaces, instead of being rounded or ovate in form, -are 
nem^y oblong and stringht-sided, their long diameters lying in a 
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radial direction, like those of the cyclical typ of Orhimlma (Plate 
XV., fig, 6). When a vertical section is m^e through such a disk, 
it is found that these oblong chambers constitute two unpeifimal 
layers, between which are interposed coin mi (fr chambers of a 
rounded form ; aud those 
last are connected together 


by a comjdex series of pas- 
sages, the arrangement of 
which will be best under- 
stood from the examination 
of a part of the sarcode- 
lK)dy th{it occupies them 
(Fig. bl9). For the oblong 
superficial chambers jire oc- 
cupied by sub- segments of 
sarcode, c r, d d, lying side 
by side, so as to form part 
of an annnlus, but each of 
them disconnected from its 
neighbours, and communi- 
(‘,ating only by a double 
footstalk with the two an- 
nular ‘stolons,’ ltd!, 1) V 
which olndously correspond 
with the singlo stolon of 
‘ simple’ type (Fig. 317). 
'rhese indirectly connect 
together not merely all the 
superficial chaniberlets of 
each zone, but also the co- 
lumnar sub-segmeuts of the 
intermediate layer ; for 
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Portion of Animal of Complex typo of 
OrlntolUen comjdanatm : — a of, h h\ the upper 
ond lower nngs of two concentric zones ; c c, 
tfic upper layer of superticial eub-segmcntu, 
and d d, the lower lay<n\ connectt*d with the 
annular bands of both zones; e c and e' e% 
vertical sub-segmonts of the. two zones. 


these (Kiliimus (d c, e' e') 


tenniuate above and below 


in the annular stolons, sometimes passing directly from on<^ 
to the other, but sometimes going out of their direct course tt» 
coalesce with another column. The columns of the successive 
zones (two sets of which are shown in the figure) communicate 
with each other by threads of sarcodc, in such a. manner that (as 
in the simple type) each column is thus brought into connection 
with two columns of the zone next in1.erior, to whicli it altematt^s 
in position. Similar threads, passing off from the outermost Kone, 
through the multiple ranges of marginal pores, would doubtless act 
as pseudopodia. 

470. Kow this plan of growth is so different from that previously 
described, that there would at first seem ample ground for iWa- 
rating the simph and the coviplex types as distinct species* flat 
the test famished by the examination of a hre/e number of iimci’ 
menftf which ought never to be passed-by when it can jiosBibfy be 
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fi|>peal6d to, famisKes these rery singular results : — ^Ist. That the 
two foms must be considered as specifically identical ; since there is 
not only a gradational passage from one to the other, but they are 
often combined in the some individual, the imier and first-formed 
portion of a large disk frequently presenting the simple type, 
whilst the outer and later-formed part has developed itself upon 
the oomplex : — ^2nd. That although the last-mentioned circumstance 
would naturally suggest that the change from the one plan to 
another may be simply a feature of advancing age, yet this cannot 
be the case ; since, although the complex sometimes evolves itself 
even from the very first (the ‘nucleus,’ though resembling that of the 
simple form, sending out two or more tiers of radiating threads), 
more frequently the simple prevails for an indefinite number of 
zones, and then changes itseli in the course of a few zones into the 
complex. — No department of Natural History could furnish more 
striking instances than are afforded by the different forms presented 
bjr the Foraminiferal types now described, of the wide range of varia* 
t%on that may occur within the limits of one and the same species ; 
and the Microscopist needs to be specially put on his guard as to 
this point, in respect to the lower types of Animal as to those of 
Vegetable life, since the determination of form seems to be far 
less precise among such than it is in the higher types. 

471. In what manner the reproduction of Orhitolites is accom- 
plished, we can as yet do little more than guess ; but from appear- 
ances sometimes presented by the sarcode-body, it seems reasonable 
to infer that gmimulesy corresponding with the zoospores of Pro- 
tophytes (§ 244), are occasionally formed by the breaking-up of 
the Barcode into globular masses ; and that these, escaping through 
the marginal pores, are sent forth to develope themselves into new 
fabrics. Of the mode wherein that sexual operation is perform^, 
however, in which alone true Generation consists, nothing whatever 
is known. 

472, Abenacea. — I n certain forms of the preceding family, and 
especially in the genus Milioldy we not unfrequently find the shells 
encrusted witli particles of sand, which are imbedded in the proper 
shell-substance. This incrustation, however, must be looked ou as 
(so to speak) accidental; since wo find shells that are in every 
other respect of the same type, altogether free from it. A similar 
aemdentfu incrustation presents itself among certain ‘vitreous’ 
and perforate shells ; but there, too, it is on usually a basis of 
true shell, and the sandy incrustation is often entirely absent. 
There is, however, a group of Foraminifera in which the true shell 
is constantly and entirely replaced by a sandy envelope, which is 
distinguish^ as a ‘test-,’ the arenaceous particles being held 
together only by a cement exuded by the animal. It is not a little 
emriouB that the forms of .these arenaceous * tests’ should represent 
'^086 of many different types among both the ‘ porcellanous’ and 
the * vitreous' series ; whilst yet they graduate into one another 
in such a manner, as to inmeate that all ihe members of this 
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* arenaceouB’ gwup are closely related to each other, so as to form 
a series of their own. And it is further remarkable, that while the 
Dee^sea dredgings recently carried down to depths of from 1,000 
to 2,500 fathoms, nave brought up few forms of either ‘ porcellanous* 
or ‘ vitreous’ Foraminifera that were not previously Known, they 
have added greatly to our knowledge of the ‘ arenaceous’ types, the 
number and variety of which far exceed all previous conception. 
These have not yet been systematically described ; but the follow- 
ing notice of a few of the more remarkable, will give some idea of 
the interest attaching to this portion of the new Fa/ana which has 
been brought to light by Deep-sea exploration. 

473. In the midst of the sandy mud which formed the bottom 
where the warm area of the * Globigerina-mud’ (§ 480) abutted on 
that over which a glacial stream flowed, there were found a number 
of little pellets, varying in size from a large pin’s head to that 
of a large pea, formed of an aggregation of sand-grains, minute 
Foraminifera, Ac., held together by a tenacious protoplasmic sub- 
stance. On tearing these open, the whole interior was found to 
have the same composition ; and no trace of any structural arrange- 
ment could be discovered in their mass. Hence they might be sup- 
posed to be mere accidental agglomerations, were it not for their 
conformity to the ‘ monerozoic’ tyf )0 previously described (§*393) ; 
for just as a simple ‘ moner,* by a differentiation of its homogeneous 
Barcode, becomes an A mmha, so would one of these uniform blend- 
ings of sand and sarcode, by a separation of its two components, — 
the sand forming the investing ‘ test,’ and the sarcode occupying 
its interior, —become the arenaceous Astwzlma. This type, wnicH 
abounds on the sea-bed in certain localities, presents remarkable 
variations of form ; being sometimes globular, sometimes stellate, 
sometimes cervicom. But the same geueral arrangement prevails 
throughout ; the cavity being occupied by a dark-green sarcode, 
whilst the * test’ is composed of loosely aggregated sand-grains not 
held together by any recognizable cement, and has no definite 
onjicet so that the pseudopodia must issue from interstices lietween. 
the sand-grains, which spaces are probably occupied during life 
with living protoplasm, that continues to hold together the sand- 
grains after death. These are by no means microscopic forms ; 
the ‘ stellate’ varieties ranging to 0*3 or even 0*4 inch in diameter, 
and the ‘ cervicom’ to nearly 0*5 inch in length.* 

474. The purely Arenaceous Foraminifera are ranged by Mr. 
H. B. Brady T (by whom they have been specially studied) under two 
Families : tne first of which, Astrorhizida, includes with the preceding 
a number of coarse sandy forms, usually of considerable size, and es- 
sentially monothalamous, though sometimes imperfectly cliambered 
by constrictions at intervals . Some of the more interesting examines 

♦ See the description and figures of this tjT)e given by the Author in 
** Quart. Joum. Microsc. Sci.,” Vol. xvi. (1876), p. 221. 

1 See his “Notes’’ in “Quart. Joum. of Microsc. Soc.,“ N.B. VoL xlx. 
(1^9), p. 20 ; and Vol. xxi. (1881), p 31. 
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of this family will now be noticed ; l>eginnmg with the Bacccmma 
(Sara), which ie a remarkably repular type, composed of coarso 
sand-grains firmly cemented together in a globular form, so as to 
form a wall nearly smooth on the outer, though rough on the inner 
surface, with a projecting neck surrounding a circular mouth (Fig. 

a, c). This typo, which occurs in extraordinary abundance 
in certain localities (as the entrance of the Ghristiania-fjord), is of 
peculiar interest from the fact that it has been discovered in a 
fossil state by Mr, H. B. Brady, in a clay seam between two layers 
of Carboniferous Limestone. Its size is that of ve^ minute seeds. 
— In striking contrast to the preccKiing is an<)th6'r single-chambered 
type, distinguished by the whiteness of its ‘test,’ to which the Author 
lias given tno name of VUuVnta, from its resemblance to a horaoK)- 
puthic * globule’ (Fig. JUO,* d, f ). '^Phe form of this is a very regular 
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graiuH are dispersed. This * felt’ is somewhat flexible, and its com- 
ponents do not seem to be united by any kind of cement, as it is 
not affected by being boiled in strong nitric acid ; its tentwsity, 
therefore, seems entirely due to the wonderful manner in which the 
separate siliceous fibres are ‘ laid.’ — It is not a little cuiious that 
these two forms should present themselves in the same dredging j 
and that there should be no perceptible differences in the character 
of their sarcode-bodies, which, as in the preceding case, have a 
dark-green line. — The ]\fa,‘t}qieUa domjata (rig. dilO, d), on the other 
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Ar<’ijare<ms Foraminifom : — fir, A, iipp(*r and lowor aspects 
of }laLophrit{fmimn f/lohif/eriui/tfrnu^ : r, Jioniumna yMmllf'ern; 

MarbipvUa eUntydia ; e, tenuiiiaJ portion, and/, '.niddlc jKjrtion 
of tho same, eulargod; r/, 'Thuramm'ntn ptfpiUcUa ; portion 
of its inner snrfticn oj ’ 

hand, is somewhat fusiform in shape, and has its two extremities 
elongated into tubes, with a circular orifice at the end of each. The 
materials of the ‘ tests' differ remarkably according to the nature of the 
bottom whereon they live. When th<3y c^nne up with ‘ Globigerina 
mud,’ in which sponge-spicules abound, whilst sand-grains are scarce, 
they are almost entirely made up of the lonner, which are * laid* 
in a sort of lattice-work, the interspaces of which are filled up by 
line sand-grains ; but when they are brought up from a bottoin 
on which sand predominates, the larger part of the ‘ test’ is made 
up of sand-grains and minute Foraminitora, wifli here and there 
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a sponge-spicule (Fig. S20, d,/). In each case, however, the tubular 
extensions (one of which sometimes forms a sort of proboscis, e, 
nearly equalling the body itself in length) are entirdy made up 
of sponge-spicules laid side by side with extraordinary regularity. 
-—‘The genus Rhibdammlna (Sars) resembles Saccamina in the 
structure of its ‘ test,’ wdiich is composed of sand-grains very finnly 
cemented together ; but the griiins are of smaller size, and they 
are so disposed as to pr(\sent a smooth surface internally, though 
the exterior is rough. What is most remarkable about this, is the 
geometrical regularity of its form, which is typically iriradiate 
(Fig. 321, c)> fhe rays diverging at equal angles Irom the central 
cavity, and each Ix'ing a tube {<!) with an onhee at its extremity. 
Not unfrequontly, liowever, it is qnadri-raJiair, the rays diverging 
at right angles ; and occasionally a fifth ray presents itself, its 
radiation, however, bi'ing on a different plane. The three rays are 
normally of equal length ; but one of them is sometimes shorter 
than the other two ; and when this is the case, the angle between 
the long rays increases at the expense of the other two, so that the 
long rays he more nearly in a straight line. Sometimes the place 
of the third ray is indicaksl only by a little knob ;’and then the two 
long rays havt^ very nearly the same direction. We are thus led 
to forms in which there is no vestige of a third ray, hut merely a 
single straight tube, wdth an orifice at each end ; and the length of 
this, which often exceeds half an inch, taken in connection with 
the abundance in which it juesents itself in dredgings in which 
the triradiate forms are rare, seems to preclude the idea that 
these long single rods are broken rays of the latter. — ft is undoubt- 
edly in tliis group that we are to place the gc^min Ifalqihysema ; 
which, from constructing its ‘ test’ entirely of sponge-spicules, and 
even including these in its pseudopodial expansions, has been ranked 
as a Sponge, although observation of it in its living state leaves no 
doubt whatever of its Ehizopodal character.* 

475. Lihwlida. — The type of this family, which is named after it, 
is a large, sandy, many-chamhered fossil form o(;curnng in the 
Chalk, to which the name fjltitola was given by Lamarck, from its 
resemblance in shape to a crozier. A great variety of recent forms, 
mostly obtained by deep-sea dredging, are now included in it ; as 
beaiing a more or l(‘ss close resemblance to it and to each other in 
their chambered stnicture, and in the arrangement of the sand- 
grains of which their tests are formed. — These grains are, for the 
most part, finer than those of which the tests of the preceding 
family are constructed, and are set (so to speak) more artistically ; 
and a considerable quantity of a cement exuded by the animal is 
employed in uniting them. This is often mixed up with sandy 
particles of extreme fineness, to form a sort of ‘ plaster’ with which 
the exterior of the test is smoothed ofi, so as to present quite a 

♦ See Saville Kent in “ Ann. of Nat. Hist.,” Sor, 5, Vol. ii. (1878^; Prof. 
E< Lankesterin Quart Journ. Microsc. Sci^” Vol. xix. (1878), p. 476 j and 
l*fc4. MCbins^e ** Foraminifera von Mauritius.’’ 
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polished surface. — It is rcmarkahle that the cement contains a 
considerable quantity of oxido of iron, which imjmi*tH a ferruginous 
hue to the ‘ tests’ in which it i.s largely employed. The forms of 
the LiHolino ‘ tests’ often simulate in a very curious way those of 
the simpler types of the Vitmms series. Thus, the long, spirally 
coiled undivided saudy tube of Aiiinuxh'sruH is the isomoqih of 
SplriUina (§479). In the genus IfiiloplmKjmijim (Fig. 320 e, / j). 
we have a singular imitation of the (rloblgerhip type; and in 
ThvA'nmmina jxipUhifii {Vi\r. 320, f/)anot less remarkable imitation 
of the Orhuline. 'Phis last is specially noteworthy for the admirable 
manner in which its component sand-gr.ains are set together; thes(^ 
being small and very uniform in size ; ami Ijcing disposed in such 
a manner as to present a smooth surface hotli inside find out (Pig- 
320, /i-), whilst there are at inbirvals nipple-shaped protuherances, 
in every one of which there is a rounded orifice. A like perfection 
of finish is seen in the test of llonn-natna (floljiilijprd (P’lg. 320, c), 
which is composed of a snci'ession of globular chamhcrs rapidly 
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iVrfimcceus FonoiiiuifcKi : — «, A, Exterior and sectional 
views of Umphax mdin; c, Ithxhtlnvimina ubi/mfViim ; d, cross 
section of one of its arras,* c, lieoithax scorpiums \ J\ llormodn^ 

C 'arpcnteri. 

increasing in size, each having a narrow tubular neck with a rounded 
orifice, wnich is received into the next segment. In other species 
of the same genus, there is a nearer approach to the ordinary 
nodosarine type, their tests being sometimes constructed with the 
regularity characteristic of the shells of the traeNodomna (Plato xv,, 
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fip. 10) ; wLilst in other cases the chambers are less re^^larly 
disposed (BHf?. 3*21,/), having? rather the character of bead-like en- 
largements of a tul)e, whilst their walls show a less exact selection of 
material, sponge-spicules being worked-in with the sand-grains, so 
os to give them a hirsute aspect. A greater rudeness of structure 
shows itself in the nodosarine forms of the genus Eeojihax>; in 
which not only are the sand-grains of the test very coarse, but 
small I^oraminifera are often worked-up with them (Fig. 321, e). 
A straight, rnany-chambered form of the same genus (Fig. 321, a, 1) 
is remarkable for the j>eculiar finish of the nock of eiich segment ; 
for whilst the fiest generally is composed of sand-grains as loosely 
aggregated as those of which the test of jUfrorhiza is made up, the 
grains that form the neck are firmly united by ferruginous cement, 
forming a very smooth wall to the tulndar orifice. 

476. The highest development of the ‘Arenaceous’ type at the 
present time is found in the forms that imitate the very regular 
iicmtiloid shells, both of the ‘ jioreellanous’ and the ‘ vitreous’ series ; 
and the most niinarkable of these is the Ciidnimtihui ranf’dhta 
(Fig. 322), which has been brought up in considerable abundance 
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Vydanitninn caurelUiti ' — showing at r/, its uxtoraal asi)t?ct ; 
h, its internal structure ; <•, a portion of its outer wall more 
highly magnified, showing the Kind-grains of which it is built 
tip, and the passages excavated fu its substance. 

from depths ranging downwards to 1,900 fathoms, the largest 
examples being found witliin 700 fathoms. The test (Fig, 322, a) is 
composed of aggregated sand-grains firmly cemented together and 
smoked over externally vrith ‘ plaster," in which large gHstening 
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saud-gimns are sometimes set at re| 5 ular intervals, as if for orna- 
ment. On laving open the spire, it is found to bo very regulai'ly 
divided into cnambers by partitions fonueti of cemented sand-grains 
(h ) ; a communication between these chambers being left ])y a fissure 
at the .inner margin of the spire, as in Oporcnlina (Plato xvj., 
fig. 2). One of the most curious features in the structure of this 
type, is the extension of the cavity of each chamber into passages 
excavated in its thick external wall ; each passage* being sur- 
rounded by a very regular arrangement of sand-grains, as sluwn 
at c. It not unfretjnontly hai>peus that tlie outer layer of the 
testis worn -away, and the ends of tlic passages then show them- 
selves as pores upon its surface ; this appearane.e, however, is 
abnormal, tlio passages simply miming from the chambor-cavity 
into the thickness of its wall, and having (so long as this is com- 
plete) no external opening. Tliis ‘ labyrinthic’ structure is of great 
interest, from its relation not only to the similar structure of the 
large Fossil examples of the sanu; type, but also to that which is 
presented in otlier gigantic Fossil arenaceous forms to be iiresently 
described. 

477. Althougb some of tlie Naiitiloid hifnohu ar(i among the 
largest of (‘xisting l'\u'umhiilera, liaving a (liameb'r of O’d inch, they 
arc mere dwarfs in compaiison witli two gigantic Fossil forms, 
whose structure has ]>een elucidated by Mr. W. 11. Brady and 
the Author.* (Jeologists who have worked over the tireensand 
of (kimbridgesliire liave long been familiar with solid sjdiorical 
bodies wliicli theni present themselves not un frequently, varying in 
size from that of a pistol-bullet to that of a small cricket-];afl ; and 
whilst some regarded them as Mineral concretions, others were led 
by certain ap])earances presented by their surfaces, to suppose them 
to be fossiliz(Kl Sponges. A specimen having been fortunately dis- 
covered, however, in which the original structure had remained 
unconsolidated by mint‘ral infiltration, it was submitted l)y Prof. 
Morris to the Author, who was at once led by his examination of it 
to recognize it as a member of the Arenaceous group of Foraminifera, 
to which he gave the designation Parheruf^ in compliment to his 
valued friend and coadjuttjr, Mr. W. K. Barker. A section of th(^ 
sphere taken through its centre (Fig. 11211) presents an aspect very 
much resembling tliat of an Orbitolite (§466), a series of cham- 
berlets being concentrically arranged round a ‘ nucleus and as 
the same apj>earance is j)rijsented, whatever be the direction of the 
section, it becomes apparent that these chamberlets, instead of 
being arranged in successive riHrfu on a single plane, so as to form 
a di.st, are grou})t‘d in concentric spltAirvft,, each completely investing 
that which preceded it in date of formation. The outer wall oi 
each chamberlet is itself penetrated by extensions of the cavity 
into its substance, as in the Cijclamwina last described ; and these 
passages are separated by partitions very regularly built up of 

• See their ‘Description of Parkrria a.ud Lqftu$ia^' in “Philosophical TrftUft- 
acrions/* 1869, p. 721* 
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Bajad-grains, whicli also cloee-iu tKeir extremities, a-s is sliown in 
Fig* 324. The concentric spheres are occasionally separated by 

Fig. 323 . 



Goncnil view of tho internal structure of Purkei'ia : — In the 
horizoiital section, mark the four thick layers; in the 

vertical sections, A marks tho internal surface of a layer 
separated by concentric fracture ; b, the appearance presented 
by a similar fracture passing throufich the radiating processes; 
c, the result of a tangential section passing through the cancel- 
lated substance of a lamella ; i>, th(' appearance pn'sented by 
the external surface of a lamella separated by a concentric 
fracture which has passt'd through the radial processes ; 
E, the aspect of a section taken in a radial direction, so as 
to cross the solid lamellae and tlicir intervening spaces; 
c*, c*, successive chambers of nucleus. 


walls of more than ordinary thickness ; and such a wall is seen in 
Fig. 323 to close-in the last formed series of chamberlets. But 
these walls have the same ‘ labyrintliic’ structure as the thinner 
ones ; and an examination of numerous specimens shows that they 
aa?e not formed at any regular intervals. The ‘ nucleus* is always 
composed of a single series of chambers arranged end to end, 
sometimes in a straight line, as in Fig. 323, c‘, c*, some- 

times forming a spirm, and in one instance returning upon itself. 
But the outermost chamber enlarges, and extends itself over the 
whole * nucleus,* very much as the ‘ circumambient* chamber of the 
Orbitolite extends itself round the primordial chamber (§ 466) ; and 
radial prolongations given off from this in every direction form the 
first investing sphere, round which the entire series of concentric 
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spheres are snoceasivoly formed. Of the sand of which this re- 
markable fabric is constructed, about 60 per cent, consists of phos- 
phate of lime, and nearly 
the whole remainder of car- t-, . 

bonate of lime. — Another 


large Fossil arenaceous t 3 rpe, 
constructed upon the same 
general plan, but growing 
spirally round an elongated 
axis after the manner of A Iveo- 
Ihm (Fig. I.U5), and attaining 
a length of three inches, ha.s 
been described by Mr. It. B. 
Brady {loc. clf.), iiuder the 
name Loftasia, after its dis- 
coverer, the late Mr. W. K. 
Loftus, who brought it from 
the Turko-Persiau frontier, 
where he found it imbedded 
in “ a blue marly limestone” 
])robably of early Tertiary 



Portion of ono of tho laniollfo of Par- 
levin^ sijfowiug the of which it 

is built up, anti tho i>aasagos oxteuding iuto 
its substauce. 


age. 

478. There is nothing, it seems to the Author, more wonderful 
in Nature, than the building-up of these elaborate and symmetrical 
structures by mere ‘jelly-specks,* presenting no trace whatever of 
that definite ‘ organization’ which wc are accuHtorned to regard as 
necessary to the manifestations of Couscious Life. Suppose a 
Human mason to be jmt down by the side of a pile of stones of 
various shapes and sizes, and to be told to build a dome of these, 
smooth on both surfaces, without using Tnorc than the least 
possible quantity of a very tenacious but very costly cement 
in holding the stones together. If he accomjdished this well, ho 
would receive credit for great intelligence and skill. Yet this is 
exactly what these little ‘jelly-specks’ do on a most minute scale; 
the ‘ tests’ they construct, when highly magnified, bearing com- 
parison with the most skilful masonry of Man. From tlic nmne 
sandy hotiom, one species picks up the coarser quartz-grains, unites 
them together with a ferruginous cement secreted from its own 
substance, and thus constructs a fiask-shaped ‘test’ having a 
short neck and a single large orifice. Another picks up the finer 
grains, and puts them together with the same cement into per- 
fectly spherical ‘ tests’ of the most extraordinary finish, perforated 
with numerous small pores, disposed at pretty regular intervals. 
Another selects the minutest sand-grains and the terminal portions 
of sponge-spicules, and works these up together — apparently mHi 
no cement at all, but bv the mere ‘ laying’ of the spicules—into 
perfect wWto spheres, like homoeopathic globules, each havii^ a 
single fissured orifice. And another, which makes a strai^t 
many-chambered ‘test,’ the conical mouth of each chamber 
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projecting into the cavity of the next, while forming the walls 
of its chambers of ordinary sand-grains rather loosely held to- 
gether, shapes the conical months of the snccessive chambers by 
firmly cementing to each other the quartz-grains which border it. — 
To give these actions the vague designation ‘instinctive,’ does not 
in tile least help us to account for them ; since what we want is, to 
discover the vu'chanism by which they are worked-out ; and it is 
most difficult to conceive how so artificial a selection can be made 
by creatures so simple. 

479. VlTEE A. —Returning now to the Foramiiiifera which form 
true ahdh by tlu^ calcificathm of the superficial layer of their sar- 
code-bodies, we shall take a similar general survey of tlie vitmms 
Horios, whose sbells are }>erfnrated hy multitudes of minute foramina 
(Ifi". IU4). 'Pbus, Hplrillhia has a minute, si)irally crmvoluted, 
undivided till )e, resembling that of f’orimspira (Jhate xv., fig. 1), 
but having its wall somewhat coarsely perforated by numerous 
apertures for the cmiBHion of pseudopodia, ’the ‘ inouothalamous’ 
forms of this growth mostly belong to the Family JMUjcu ida; which 
also contains a scrii^s of transition-lorms leading up gradationally 
to the ‘ polytliamous’ Nautiloid type. In fmgrua (Plate xv., fig. 9) 
the moutins narrowed and prolonged into a tubular neck, giving 
to the shell the form oi' a micros(*-opi(! flask ; this neck terminates 
in an everted Up, which is marked with radiating furrows. — A 
mouth of this kind is a distinctive character of a large group of 
many-chombered shells, of which each .single (diamber bears a more 
or less close rescmbltinee to the simple Lagena, and of which, like 
it, the ext(‘mal surface generally presents some kind of ornamenta- 
tion, which may have the form either of longitudinal ribs or of 
pointed tubercles. ^Pbus the shell of Nodosartn (fig. 10) is obviously 
made up of a succession of lageniform chambers, the neck of each 
lieing received into the cnivity of that which succeeds it ; whilst in 
C’t'id.dlaria (fig. 11) wc have a similar succession of chambers, pre- 
senting the charactenstic radiate aperture, and often longitudinally 
ribbed, disposed in a nautiloid spiral. Between Noihtmna and 
Oriddhria, moreover, there is such a gradational series of con- 
necting fonns, as shows that no essential difference exists between 
these two types, which must he combined into one genus, Nodo- 
sarin a ; and it is a fact of no little interest, that these varietal 
forms, of which many are to bo met-ivith on our own shores, but 
which are more abundant on those of the Metlitcrranean and 
especially of the Adriatic, can be traced backwards in Geological 
time even as far as the ATew Red Sandstone period. — In another 
genus, l*ohjmo'tphin<u we find the shell to be mmle up of lageniform 
<mambers arranged in a double series, alternating with each other 
on the two sides of a rectilinear axis (fig. 13) ; here, again, the forms 
of the individual chambers, and the m(Se in wliich they are set one 
upon another, vary in such a manner as to give rise to very marked 
<liffierences in the general configuration of the sheU, which are 
indmated by the name it bears. 
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480. Glohkfennida. — Ketuming once again to the simple * mono- 
thalamons’ condition, we 'have in Orhalhia^o, minute flpheiieal 
shell that presents itself in greater or less abundance in l)eep-se-a 
dredgings from almost every region of the globe — a globular 
chamber with porous walls, and a simple circular aperture that is 
frequently rei^laced by a number of largo pores scattered through- 
out the wall of the sphere. It is maintained by some that Orhnhna 
is really a detached generative segment of Glohkjeri /m, with which it 
is generally found associated. — I'he shell of Glohifjcnna consists of 
an assemblage of nearly Bpheri(‘-al chainbers (Fig. 1125), having 

Fio. ;}2;> 


/(/('«, H'* !ac(*u in po^itiollH. 

coarsely porous walls, and euhering externally into a more or less 
regular turbiiu)i(l spire, each turn of which consists of four cham- 
bers progressively increasing in size. These chambers, whose total 
numl^er seldom exceeds sixteen, do not coTuniuni(;atc directly with 
each other, but open separately into a common ‘ vestibule’ which 
occupies the centre of thenmhir side of the S]>ire. — This typo has ro 
(^eiitly attnicted great attention, from tlie extraordinary abundance 
in which it occurs at great dejdhs over large areas of the Ocean- 
bottom. Ihius its minute slnlls have been found to constitute no 
less than 97 per cent, of the ‘ ooze’ brought up from depths of from 
T2t50 to 2000 fathoms in the middle of the northern parts of the 
Atlantic Oc{*an. The surface-layer of this ooze, the thickness of 
wliich is entirely unknown, consists of Olobigerinm whose chambers 
arc occupied by the sarcodic-bodies of the animals, and which may 
therefore be presumed to be living on the bottom; whilst its deeper 
layers are almost entirely composed of dead and disintegratxng 
shells of the same ty]:)o. The younger shells, consisting of from 
eight to twelve chambers, are thin and smooth ; but the older 
shells are thicker, their surface is raised into ridges that form a 
hexagonal areolation round the pores (Fig. 325, /v); and this thicken- 
ing is shown by examination of thin sections of the shell (b) to be 
produced by an exogenous deposit around the original chamber-wall 
(corresponding with the ‘ intermediate skeleton’ of the more com- 
plex types), wliich sometimes contains little flask-shaped cavities 
filled with sarcode — as was first pointed-out by Dr. Wallich. Bnt 
the sweeping of the upper waters of the Ocean by the * tow-net’ 
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Globifftrina^ from Atlantic oozo showing tliickening of shell 
by exogenous deposit : — a, onbro hholl, showing Areolated 
ridges of surfiico ; Ji, portion of shell more highly magnified, 
showing orifices of tubnli and largo cavities filled with Bar- 
code ; c, B<'Ction of shell showing exogenous deposit upon 
original chamber-wall, which is raised into ridges with tubuli 
between them, and includes sarcoilic cavities. 


waters in all but the coldest seas are inhabited hj jloailng Grlobi- 
geiinee, whose shells are beset with multitudes of delicate calcareous 
spines, which extend themselves radially from the angles at which 
tne ridges meet, to a length equal to four or five times the diameter 
of the shell (Fig, 327). Among the bases of these spines, the sarcodic 
substance of the body exudes through the pores of the shell, forming 
a fiocculent fringe around it ; and this extends itself on each of the 
spines, creeping np one side to its extremity, and passing down 
the other, with the peculiar flowing movement already described. 
(§ 395). The whole of this sarcodic extension is at once retracted 
the cell which holds the Glohigeriua receives a sudden shock, or 
a drop of any irritatingfluid is added to the water it contains. — It 
is maintain^ by Sir Wyville Thomson that the bottom-deposit is 


VITREOUS FORAMINIFERA GLOBIGERINIUA* 571 

formed by the continual * raining-down’ of the Globigerinae of the 
upper waters, which (he affirms) only live at or near the surface, 

Fig. 327. 



GUMgcrbiay as captured by tow-ui't, tloating at or near surface. 

and which, when they die, lose their spines and subside. But it has 
been shown by the careful comparison nuide by Mr. H. B. Brady 
between the surface-gatheriug.s and the bottom-deposits of the same 
areas, that the two arc often so marked, as to forbid the idea that the 
latter are solely derived from the former.* For not only are there 
several specific types found in each, which do not present themselves 
in the other, but, as a rule, the shells of the types common to both 
are larger and thicker in the latter than they are in the former. 
This evidence strongly supports the conclusion originally drawn by 
the Author from his own examination of the Globigerina-ooze, that 
the shells forming its surface-layer must live on the hottomy bem|f 
incapable of floating in consequence of their weight ; and that if 
they have passed the earlier part of their lives in the upper waters, 
they drop down as soon as the calcareous deposit continually 
exuding from the body of each animal, instead of being employed 
in the formation of new chambers, is applied to the thickening of 
those previously formed. — That many •types of Foraminifera pom 
their whole lives at depths of at least iiOOO fathoms, is proved, in 
regard to those forming Calcareous shells, by their attachment to 
stones, corals, &c. ; and in the case of the Arenaceous types, by the 

i ♦ “ Quart. Joum. Microsc. Sci.,” Vol. xix. (1879), p. 295. 
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I'aot that they oan only procure ou the hottom the saud of which 
their ‘ teats’ are made up. 

481. A very remarkable tyj>o has receutly been discovered, ad- 

herent to shell.s and corals brought from tropical seas, to which 
the name Cmyeiiieria has been given ; this may be regarded as a 
highly developed form of (llobigerina, its first-formed portion 
having all the essential characters of that genus. It grows attached 
by the apex of its spire ; and its latm* chambers increase rapidly in 
size, anil are piled on the earlit‘r in such a manner as to form a 
depressed cone with an irn^gular spreading base. essential 
character of (llobigerina- -the so[)arate orifice of each of its 
chambers— is here retained with i\, curious modification ; for tin; 
central vestibule, into which they all open, forms a sort of vent 
whose orifice is at thii apex of th(? cxuie, aii<l is sometimes })rolonged 
into a tube that proceeds from it; and the extenial wall of tliis 
cone is so marked-ont by sejital bands, that it comes to bear n- 
strong resemblance to a minute ilahnim* (acorn-sbell), for wliich 
tins type was at first mistaken. The ])riucipa] cliani})er.s are partly 
divided into chamherlets by incomplete j)artitions, as we shall find 
them to be in Eo::<iun. (§ 414). M’he presence of sponge-sjncnles in 
large (piantity in the chambers of many of the best-preserved 
examples of tliis type, was for somti time a source of jau'plexity ; 
but this is now exjdaiiied by the interesting observations made by 
Prof. Mbbius* on a large branching and spreading form of Varyeu- 
teriay which he recently met-with on a reef near Mauritius, and to 
which he has given the name of C. For the 

pseudopodia of this Rhizopod have the liabit, like those of ITnH^ 
yhysoma (§ 474), of taking into themselves sjunige-spicules, which 
they draw into the chambers, so that they ))ccome iucorjiorated 
with the sarcode-body. 

482, A less aberrant modifi(;atiou of the Globigerine tyi>e, how- 
ever, is presented in the two great series which may be designated 
(after tne leading forms of each) as the To.vinlnrdnt and the 
liotalian. For notwithstanding the marked difference in their 
respective plans of growth, the characters of tlio individual 
chambers are the same ; their walls being coarsely-porous, and their 
apertures being oval, semi-oval, or crescent-shaped, sometimes 
merely fissured. In 'JWtnlaria (Plate xv., fig. 14) the chambers 
are arranged biscrially along a straight axis, the j)C>sition of those 
on the two sides of it being alternate, and each chamber opening 
into those above and below it on the opposite side by a narrow 
fissure ; as is well shown in such ‘ internal casts’ (Fig 328, a) as 
exhibit the forms and connections of the segments of sarcode by 
which the chambers were occupied during life. In the genus 
JJnlimina the chambers are so an'anged as t-o form a spire like that 
of a Bulimns, and the aperture is a curved fissure whose direction 
is nearly transverse to that of the fissure of Textularia ; but in this, 
as in the preceding t}'pe, there is an extraordinary variety in the 

* St‘0 his “Pomniiuifem von Manritins,” Plates v., VI. 
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disposition of the chambers. In both, moreover, the shell is often 
covered by a sandy incrustation, so that its perforations are com- 
pletely hidden, and can only be made visible by the removal of the 

Fig. 528. 



adherent emst. And so many cases are now known, in 'wliich the 
shell of TiiHnlarltia^ is entirely replaced by a sandy test, that some 
Systematists prefer to range this grouj) among the Arenarea, 

48‘-b In the lloidlidu series, the chambers are disposed in a tur- 
binoid spire, opening one into another by an aperture situated on 
the lower and inner si<lo of the spire, as shown in Jdate xv., fig. 18; 
the forms and connections of the segiiieuts of their sarcode-bodies 
being shown in smdi ‘ internal casts* as are represented in 
Fig. 328, li. One of the lowest and simplest forms of this type is 
that very common one now distinguished as 7>/'«c'o/7n*ao, of which 
a characteristic example is represented in Plate xv., fig. 15. The 
early fonn of PlanorJmlma is a rotaline spire, very much resembling 
that of Oiscorhina ; but this afterwards gives place to a cyclical 
plan of growth (fig. 17) ; and in those most developed fonns of 
this type which occur in warmer seas, the earlier chambers are 
completely overgrown by the latter, which are often piled-up in an 
irregular ‘ acervuJine’ maimer, spreading over the surfaces of shells, 
or clustering round the stuns of zoophytes. — In the genus 
Thwporns there is a more regular growth of this kind, the 
chambers being piled successively on the two sides of the original 
median plane, and those of adjacent jnles communicating with 
each other obliquely (like those of Textularia) by large apertures, 
whilst they communicate with those directly above and oelow by 
the ordinary pores of the shell. The simple or smooth form of 
this genus presents great diversities of shape, with great constancy, 
in ite internal structure ; being sometimes spherical, sometimes 
resembling a minute sugar-loaf, and sometimes being irregularly 
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flattened-out. A peculiar form of this type (Fig. 329), in wWch 
tho walls of the piles are thickened at their meeting-angles into 

solid columns that appear on the 
Fio. 029. surface as tubercles, and are some- 

times prolonged into spinous out- 
growths that radiate from the 
central mass, is of very common 
occurrence in shore - sands and 
shallow -water dredgings on some 
parts of the Australian coast and 
among the Polynesian islands. — 
To the simple fonn of this genus 
we arc prol^ably to refer a large 
])artof the fossils of th(‘ Cretaceous 
and early Tertiary period, that 
have been descri})od under the mime 
OrhitoluKi, some of which attain 
a very large* size. C lobular OrhU 
iollufv, which appear to have been 
Timqmruslxu'uiatus. artiticially perloratod and stning 

as beads, are not unfrequently 
found associated with the ‘‘ ilint-imidenients'’ of gravel-beds. — 
Another very curious modification of the Kotaline type is presented 
by rolytronnif wliicli so much resembles a Zoophyte as to have 
lieon taken for a minute* Millepore; hut which is made up of an 
aggregation e>f ‘ globigtn'inc’ chambers communicating with each 
other like those of Tinoponis, and <liders from that genua in 
nothing else than its ere^ct and usually branching manner of growth, 
and the freer cemimuuication betweem its cbam1>ers. This, again, 
is of special interest in relatiou to J^Joznih) ; showing that an in- 
definite zodphviie mode of growth is perfectly compatible wuth 
tmly Foraminiforal structure. 

484. In liotalia, pro}>erly so callcel, we find a marked advance 
towarels tho highest ty}>ei of Foraminiferal structure ; the partitions 
that divide the chambers being composed of two laminie, and spaces 
being left between them which give passage to a system of canals, 
whose genenil distribution is shown in Fig. 330. The proper walls 
of the chambers, moreover, are thickened by an extraneous deposit 
or ‘intermediate skeleton,’ which sometimes forms radiating out- 
^owths ; but this peculiarity of conformation is carried much 
further in the genus Calrariua, which has been so designated from 
its resemblance to a spur-rowel (Plate xvj., fig, 3). The solid 
club-shaj)ed appendagCwS with which this shell is provided, entirely 
lielong to the * intermediate skeleton' h, which is q^uite independent 
of the chambered stnicture a; and this is nounsbed by a set of 
canals containing prolon gations of the sarcode-body, which not only 
furrow the surface of these appendages, but are seen to traverse 
their interior when this is laid open by section, as shown at c. In 
no other recent Foraminifer does the ‘ canal system' attain a like 
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development ; and its distribution in this minute shell, which has 
been made out by careful microscopic study, attbrds a valuable 
clue to its meaning in 
the gigantic fossil organ- 
ism Eozoon Cmindrusc 
(§ 494). The resemblance 
which Calcar hia bears 
to the radiate forms of 
Tinomrus (Fig. 329), 
which are often found 
with them in the same 
dredgings, is frequently 
extremely striking ; ami 
in their early growth tlie 
two can scarcely be dis- 
tinguished, since both 
commence in a ‘ rotaline* 
spire with radiating ap- 
pendages; ^ but whilst 
the successive clianil^ers 
of Calcarina (■‘ontinue to 
be added on the same 
plane, those ol‘ Tino- 
poruH are hea]>ed-U2> in Scf'iion of fiofafio. Schrocffcrlantt near its 
less regular piles. fnw' nnd |iaralIol to it : — showing, n, a, the radia- 

48o. C’ertain hods of tmg iiit('rs<*ptn) cjuiuIh; f;, their inh'rnal bifurcu* 

Carl)Oluf«rous Limo- '• ", < 1 , tabulnr %«11 of 

, ' P , tlie chamlKTB 

stone 111 tvussia are 

entirely made-up, like the more modem Nummulitic Limestone 
(§ 489), of an aggregation of the remains of a peculiar type of 
Foraminiferu, to which the name Fasalhta (indicative of its fusi- 
form or sjandle-shape) has been given (Fig. 331). In general asj>ect 
and ])lan of grf)wth it so much resembles d/'i;eoh'n a, that its relation- 
ship to that ty]>e would scarcely he questioned by the superficial 
observ^er. Ihit when its month is examined, it is found to consist 
of a single slit in the middle of the lip ; and the interior, instead 
of being minutely divided into chamberlets, is found to consist of a 
regular series of simple chambers ; while from each of these pro- 
ceeds a pair of elongated extensions, which correspond to the ‘ alar 
prolongations' of other spirally-growing Foraminifera (§ 486), but 
which, instead of wrapping round the preceding whorls, are pro- 
longed in the direction of the axis of the spire, those of each whorl 
projecting beyond those of the preceding, so that the shell is 
elongated with every increase in its diameter, d'hus it apiiears 
that in its general plan of growth, Fusalina bears ranch the same 
relation to a symmetrical Kotaline or Nummuline shell, that 
Alveoli (la bears to Orlnculina ; and this view of its affinities is fully 
confirmed by the Author’s microscopic examination of the structure 
of its shell. For although the Fusulina-limestone of Russia has 
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undergone a degree of metamorpliisTn, whicK so far obscures the 
tubularly of its component shells, as to prevent him from confi- 
dently affirming it, yet the appearances he could distinguish were 

Fio. 331. 



Sectiou of /V^M/mf/'Limostoue. 


decidedly in its favour. And having since received specimens from 
the Upper Coal Measures of Iowa, 11.8., which are in a much more 
perfect state of preservation, he is able to state with certainty, not 
only that Ftisulin<i is tubular, but that its tubulation is of the 
large coarse nature that marks its affinity rather to the Rofalina 
thoii to the Nnm II udluc scries. — I’liis ty ])0 is of peculiar interest, as 
having long been regarded as the ()ldest form of horaminifera 
which was known to have occurred iu sufficient abundance to form 
Bocks by the aggregation of its individuals. Lt will be presently 
shown, however, that in point both of anticxuity and of imx^ortance, 
it is far surpassed by another (§ 

486. Niiiwiiulinida . — All the most elaborate!}" constracted, and 
the greater i^ai-t of the largest, of the ‘vitreous’ Foraniinifera 
belong to the group of wldcli the well-known XimninUfe inviy he 
taken as the representative. Yarions jdans of growth prevail in 
the family ; but its distinguishing characters consist in the com- 
pleteness of the wall that surrounds each segment of the body (the 
septa being double insttitul of single as elsewhere), the density and 
fine porosity of the shell-substance, and the presence of an ‘ inter- 
mediate skeleton,’ with a ‘ canal-system’ for its nutrition. It is 
true Uiat these characters are also exhibited in the highest of the 
BotoHne &enm (§ 484), whilst they are deficient in the genus 
Artt^ihisiegirntf which connects the Nuinmuline series with the 
Botaline; but the occurrence of such modifications in their 
bcarder-forms is common to other truly Natural groups. With the 
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exception of Amphistegina, all the genera of this family are symme* 
tiical in form ; tne spire being nautiloid in such as follow that plan 
of growth, whilst in those which follow the cyclical plan there is 
a constant equality on the two sides of tlu' median jdane : but in 
Amphistegina there is a reversion to the rotalian type in the turbi- 
noid form of its spire, as in the characters already specified, although 
its general conformity to the Nummulinc type is such as to leave 
no reasonable doubt as to its title to bo placed in this family, 
Notwithstanding the want of symmetry of its spire, it accords with 
OpercMlina and Kmnninli ua in having its chambers extended by 
‘alar prolongations’ over each surface of the previous whorl; but 
ou the under side these prolongations arc almost entirely cut oft' 
from the principal chtanbers, and are so displac^od as apparently 
to alternate with them in position; so that M. D’Orbigny, sup- 
posing them to constitute a distinct series of chambers, described 
its plan of growth as a biserial spiral, and made this the character 
of a separate Order.* 

487. The existing Nam-mnlinlda are almost entirely restricted to 
tropical climates ; but a beautiful little form, the Pohjetomdla 
rnxpn (Plate w., fig. !(>), the representative of a genus that 
presents the moat regular and com] jIoUm level f)pment of the ‘ canal 
system’ anywlierc to bo met with, is common ou our own coasts. 
The ]>eculiar suri'ace-marking shown in the figure consists in a 
strongly marked ridge-and-furrow plication of tl:o shelly wall of 
each segment along its posterior margin ; the furrows being some* 
times so deeji as to resemble fissures opening into the cavity of the 
chamber beneath. No such oiienings, liowevor, exist; the only 
communication which the 8arcode-bo<ly of any segment lias witk 
the exterior, Injing either through the fine tubuli of its sbolly walls, 
or through the row of pores that are seen in front view along the 
inner margin of the septal plane, collectively reprosenting a fissurod 
aperture divided by minute bridges of shell. The meaning of the 
plication of the shelly wall comes to be understood, when we examine 
the conformation of the segments of the sarccKle-body, which may 
be seen in the common Fahjstoynella cfrhpa by dissolving away the 
shell of fresh specimens by the action of dilute acid, but which 
may be better studied in such internal casts (Fig. of the sarcode- 

body and canal-system of the large P. cratlmlata of the Australian 
coast, as may sometimes be obtained by the same means from 
dead shells which have undergone infiltration with femiginons 
silicates. t Here we see that the segments of the sarcode-body are 

* For an arcoiint of this carious modification of the Nummnline plan of 
growth, the real nature of which was first elucidah^d by Messrs. Parker and 
Rupert Jones, see the Author’s * Introduction to the Study of the Forainiuifera* 
(published by the Ray Society). 

f It was by Prof. Ehrenbeig that the existence of such ‘casts’ in the Green 
Sands of various Gkfological periods (from the Silurian to the Tertiary) was 
firet poinhid out, in his Memoir ‘Peber der Grtlnsand und seine Einliluterting 
des organischen Lebens,’ in Abbandlungen der Kfinigh Akad. der Wissea- 
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smckJth along their anterior edge h, but that along their poste- 
rior edge, a, they are prolonged backwards into a set of ‘ retral 

Fio. 332. 



Internal (^ast of PolyMomella cratirnluta retral pro- 
cesses, procoedinp from the posterior mnrj'in of one of tho 
segiTionts ; 6, fc', smooth nuterii»r margin of the same segment; 
c, c*, stolons connecting successive 8(‘gments, and uniting 
themsolvos with tho diverging branches of the meridional 
('nnals ; </, <f*, three turns of one of the sjn'ral canals ; e, c*, e®, 
thn^e of the meridional canals ; /; f\ their diverging 
branches, 

processes and these processes lie under the ridges of the shell, 
whilst the shelly wall dips down into the spaces between them, so 
as to form the furrows seen on the siirioce. The connections of 
the segments by stolons, r, c\ passing through the pores at the 
inner margin of each septum, are also admirably displayed in such 
‘ casts/ But what they serve most beautifully to aemonstrate is 
the canal-system, of wdiich the distributi(»n is here most remark- 
ably complete and symmetrical. At t?, <r, (Py are seen three turns 
of a spiral canal which passes along one end of all the segments 
of ihelike number of convolutions, whilst a corresponding canal is 
found on the side which in the figure is undermost ; these two 
spires are connected by a set of meridional canals, c, (i\ which 
pass down between the two layers of the septa that divide the 
segments *, whilst from each of these there passes-off towards the 

schoften,** Berliu, 1835. It was soon ftftenvards ehown by tlie late Prof. Bailey 
Joura. Microsc. Sci./’ Vol. v., 1857, p. 83.) that the like infiltration 
oocasionally takes place in recent Foramiuifera, enabling similar ‘ caats’ to 
bo obtainesd from them by the solution of their shells in dilute acid ; the Author, 
as well as Messrs. Parker and Kupert Jones, soon afterwards obtained most 
beautiful aud complete iutemnl casts from recent Foramiuifera brought from 
various localities ; and a largt} collection of green sands yielding similar casts 
was made in the * Challenger.* 
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(surface a set of pairs of divergiug branches, /,/S/*, which open 
upon the surface along the two sides of each septal band, the 
external openings of those on its anterior margin being in the 
furrows between the retral processes of the next segment. These 
canals appear to be occupied in the living state by prolongations 
of the sarcode-body ; and the diverging branches of those of each 
convolution unite themselves, when this is enclosed by another 
convolution, with the stolon-processes connecting the successive 
segments of the latter, as seen at cK There can be little doubt 
that this remarkable development of the canal-system has refer- 
ence to the unusual amount of shell -substiincc which is deposited 
as an * interme^iiatc skeleton’ upon the layer that forms the proper 
walls of the chambers, and which fills-up with a solid ‘ boss' what 
would otherwise be the depression at the umbilicus of the spire, 
•^rhe substance of this ‘ boss’ is traversed by a set of straight 
canals, which pass directly from the spiral canal beneath, towards 
the external surface, where they open in little pits, as is shown in 
PI. XV., fig. 16 ; the umbilical boss in criftpa, however, being 
much smaller in pro])ortion than it is in J\ cr<tticulata . — There is 
a group of Foraminifera to which the term NouUmma is properly 
applicable, that is proliably to be oonsidt^rod as a sub-genus of 
Polystomella ; agreeing with it in its general conformation, and 
especially in the distribution of its canal-system ; but differing in 
its aperture, which is here a single fissure at the inner edge of the 
septal plane (Plate xv., fig. 19), and in the absence of the * retral 
processes’ of the segments of the sarcodo-body, the external walls 
of the chambers being smooth. This form constitutes a transition 
to the ordinary N ummuliue tyj)e, of which Polystomella is a more 
aberrant modification. 

4S8. The Nummiiline type is most characteristically represented 
at the present time by the genus ( }itercuUu(i ; which is so inti- 
mately united to the true Nummiditchy intermediat(5 forms, that it 
is not ea.sy to separate the two, notwithstanding that their t;;^ical 
examples are widely dissimilar. The former genus (Plate xvi., fig. 2) 
is represented on our oAvn coast by very small and feeble forms ; 
but it attains a much higher development in Tropical seas, where 
its diameter sometimes reaches l-4th of an inch. The shell is a 
flattened nautiloid spire, the breadth of whose earlier convolutions 
increases in a regular progression, but of which the last convolution 
(in full-grown specimens) usually flattens itself out like that of 
PeneropUs, so as to he very much broader than the preceding. 
The external walls of the chambers, arching over the spaces between 
the septa, are seen at ?>, h ; and these are bounded at me outer edge 
of eacn convolution by a peculiar band n. termed the ‘ marginal 
cord.* This cord, instead of being perforated by minute tnbuh like 
those which pass from the inner to the outer surface of the 
chamber- walls without division or inosculation (Fig, 33fi),i8 travel's^ 
by a system of comparatively large inosculating passages seen in 
cross section at a' ; and these form part of the canal-system to be 
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presently described. The principal cavities of the chambers are seen 
at c. t ; while the ‘ alar prolongations' of those cavities over the 
surface of the pre<jeding whorl are shown at c', o'. The chambers 
are separate by the septa, of, d, d, formed of two lamina3 of shell, 
one Woiij^g to each chamber, and having spaces between them 
in which lie the * interseptal canals,’ whose general distribution is 
seen in the septa marked e, e, and whose smaller branches are seen 
irregularly divided in the septa d\ </', whilst in the septuni d” one 
of the principal tninks is laid open through its whole length. At 
the apjrroach of each septum to the marginal cord of the prece- 
ding, is seen the narrow tissure which constitutes the principal aper- 
ture of communication betw<*(;n the chambers ; in moat of the septa, 
however, there are also sonu* isolated pores (to which the lines 
point that radiate fmm r, r) varying both in number and position, 
rhe interseptal canals of each H«‘j»tum take their departure at its 
inner extremity from a j>air of spiral canals, of which one passes 
along each side of the marginal cord ; and they conimiinicate at 
their outer extremity with the canul-systoiii of the ‘ marginal cord,’ 
as shown in Fig. od?. The external walls of the chamlxjrs are 
composed of the same finely -tiihular shell-substance that forms 
them in the Nurnnuilite; hut, as iu that genus, not only are the 
septa themselves com])Osed of vitreous non-tubular substance, but 
that which lies over them, continuing them to the surface of tlie 
shell, has the same character ; showing itself externally in the form 
sometimes of continuous ridges, sometinu's of rows of tubercles, 
which mark tlie position of the sej^ta Ixmeath. These non-tubular 
plates or columns are often traversed by branches of the canal- 
system, as seen at f/, (/. Similar columns of non-t\ihular substance, 
of which the summits show themselves as tulwercles on the sur- 
face, are not unfr(?qnently seen between the septal bands, giving a 
variation to the »urfac( - marking, -which, taken in conjunction 
with variations in general conformation, might be fairly held 
sufficient to characb'rize distinct species, were it not that on a coin- 
pai*^i«on oj a (/rraf \tiuidhT oj these variations are found 

to be so gradational, that no distinct line of demarcation can be 
drawn between the individuals \vhich present them. 

48P. Ihe Genus Nnumuduta^ of which the fossil forms are com- 
monly known as N}iminnlitm, though re])resented at the present 
toe by small and comparatively infrequent examples, was for- 
merly developed to a vast extent; the Nummnlitic Limestone 
Clu^y ^ie-up by the aggregation of its remains (the material of 
which the P 3 Taimds are built) forming a band, often 1,800 miles in 
breadth and fret^uently of enormous thickness, that may be traced 
from the Atlantic shores of Eimqie and Africa, through Western 
Asia to Northern India and China, and likewise over vast areas of 
North America (Fig. 3dd). The diameter of a large proportion of 
fossil Nnmmulites ranges between half an inch and an inch ; but 
there are some whose diameter does not exceed l-16th of an inch, 
whilst others attain the gigantic diameter of 41 inches. Their 
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typical form ia that of a double-couvex lens; but sometimes it 
much more nearly approaches the globular shape, whilst in other 
cases it is very much fattened ; and great ditferences exist in tliis 

Xhc. 



A, pi(3<’o of Lhuf'KtiPHp from showing 

Numinulites laid open by fracturo through luodiau plane ; ii, 
vcirtical section of XummullU' ; e, OrbUokles. 


vcBpoot among individuals of what iiiiist be accounted one and the 
same species. Although there are some Nummulites which closely 
approximate Opetrjdinni in their mode of growth, yet the typical 
forms of this genus present certain well-marked distinctive pecu- 
liarities. Each (jon volution is so completely invested by that 
which Huccce^ds it, and the external wall or Ki)iral lamina of the 
new convolution is so completely Heparat<‘d from that of the con- 
volution it cucloHcs by the ‘ alar prolongations’ of its own chambers 
(the peculiar arrangement of which will l.»e presently described), 
that the spire is scarcely if at all visible on t^e external surface. 
It is brought into view, however, by splitting the Numnmlite 
through the median ])lane, which may often be accomplished 
simply by striking it on one edge with a hammer, the opj>OHite 
edge being placed on a firm support ; or, if this method should not 
succeed, by heating it in the flame of a spirit-lamp, and then 
throwing it into cold water or striking it edgeways. Nummulites 
usually show many more turns, and a more gradual rate of increase 
in the breadth of the spire, than Foraminifera generally ; tliis will 
be apparent from an examination of the vertical section shown in 
Fig. 534, which is taken from one of the commonest and most 
characteristic fossil examples of the genus, and which shows 
no fewer than ten convolutions in a fragment that does not 
nearly extend to the centre of the spire. This section also shows 
the complete enclosure of the older convolutions by the newer, 
and the interposition of the alar prolongations of the chambers 
between the successive layers of the spiral lamina. These pro- 
longations are variously arranged in dificreut examples of the 
genus : thus in some, as N, didane, they keep their own separate 
course, all tending radially towards the centre; in others, as 


m Mi<mQscK)no foems of ijnacAi* 

K Imiffoiat thair partilaoxis inoecxdiate witli each other, so as to 
diirMe the space interveimig between «aoh la(yer and the next into 
an irregfular network, presenting in vertical section the appearance 
shown m Fig. 3iJ4 ; whilst in N» garanscnsis they are oroken up 



Vortical Section of portion of NtimwvUna la'vlf/aki : — a, 
margin of extcrual whorl one of the outer row of chambers; 
c, c, whorl invested by a ; </, one of the chambers of the fourth 
whorl from the niaixin ; c, e', marf^iual portions of the enclosed 
whorls ; /, investing portions of outer whorl ; .</, spaces left 

between the investing portion of successive whorls ; /<, It, 
sections of the partitions dividing these. 

into a number of chamberlets, haviug little or no direct communi- 
cation with each other. 

490. Notwithstanding that the inner chambers are thus bo deeply 


Fio. 33r>. 



Portion of a thin Seeti.m oi XmnmuUna hvrhjatOy taken in 
the direction of the preceding, highly inaOTiified to show the 
minute stnictun^ of the shell o, o. portions of the ordinary 
shell-substance traversed by parallel tubuli; h, fc, j^rtions 
lormiug the marginal cord, traversed by diverging and larger 
tubuli ; c, one of the chambers laid ojxm ; d, »/, d, pillars of 
solid substance not perforated by tubuh. 

buried in the mass of investing whorls, yet there is evidence that 
the segments of sarcode which they contained were not cut off 
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from oommumoatioii witli tke exterior, but that they may hare 
retained their vitality to the last. The shell itself is almost every- 
where minutely porous, being penetrated bv parallel tubuli whiftji 
pass directly from one surface to the otner. These tubes are 
shown, as mvidcd lengthways by a vertical section, in ITig. 335, 
a, a ; whilst the appearance they present when cut across in a 
horizontal section is shown in Fig. 336, the transparent shell- 
substance a, a, a, being closely dotted ^vith minute puncta- 
tions which mark their orifices. In that portion of the shell, 
however, which forms the 

margin of each whorl Fio. 33G. 

(Fig. 335, h, ?>), the tubes J -c 

are larger, and diverge ^ 

from each other at greater i- 

intervals ; and it is shown ^ 

by horizontal sections ’ 

that they commiinicatti : 

freely with each other 
laterally, so as to form a 
network such as is seen 
at by by Fig. 337. At cer- 
tain other points, d, d, d 
(Fig. 33o), the shell-sub- portion of Ilorizoutal iS('ction of 
stance is not perforated showing the strueturo of the walls and of the 



irlg. 660), tne sneu-sui>- portion of Ilorizoutal iS('ction of Nummiillte, 
stance is not perforated showing the strueturo of tho walls and of the 
by tubes, but is peculiarly s«‘pta of the chnmberH ; — o, o, a, portion of the 
dense in its texture, form- wall covering three chaiubors, (he puuctations 

lug OU brtwecu tln^se chambers, coiitainiug canals 

seem to strengtneii tne send out laUTal branebes, r, Cy enttning 

other parts ; and iii In urn- chambers by larger oiifli;es, one of which is 


ing solid piUars which which are the onmais oi turmu ; ^ ^ sein^^ 
lug OU brtwecu tln^se chambers, coiitainiug canals 

seem to strengtneii tne send out laUTal brauebes, r, Cy enUning 

other parts ; and iii In urn- chambers by larger oiifli;es, one of which is 

mulites whose surfaces seen at r/. 
have been much exposcMl 

to attrition, it commonly happens that the pillars of the suj>cr- 
ficial layer, being harder than the ordinary shell-substance, and 
being consequently less worn down, are left as promincncos, 
the presence of which has often been accounted (but erroneously) 
as a specific character. The successive chambers of the same 
whorl communicate with each other by a passage left between the 
inner edge of the partition that separates them, and the ‘marginal 
cord’ of the preceding whorl ; this passage is sometimes a single 
large broad aperture, but is more commonly formed by the more 
or less complete coalescence of several separate perforations, as is 
seen in Fig. 334, h. There is also, as in Operculina, a variable 
number of isolated pores in most of tho septa, forming a secondary 
means of communication between the chamliers. — The 
system of Nummnluia seems to be distributed upon essentially the 
same plan as in Operculina ; its passages, however, are usually 
more or less obscured by fossilizing material. A careful examin^ 
tion will generally disclose traces of them in the middle of the 
partitions that divide the ch«uiibcrs (Fig. 336, 5, />), while from 
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ih&m may be seen to proceed the lateral branebes (c, c), which, 
after burrowing (so to upoak) in the walls of the chambers, enter 

them by large orifices (d). These 
‘ interseptal ’ (Janals, and their 
communication with the inos- 
^ dilating system of passages 

^ excavated in the marginal cord, 

y ^ are extremely w'cll seen in the 

Ju C ‘internal cast’ represented in 

Fig. 337. 

4()1. A very interesting modi- 
fication pi the Nummuline type 
is presented in the genus Iletr- 
roHirtflua (Fig. -338), which bears 
a very strong resemblance to 
OrhirffJind in itd plan of growth, 
ndiilKt in every other resj^ect it 
is essentially dilferent. If the 
principal chambers of an Oper- 
rnliiKf were divided into cham- 
berlcts by secondary partitionij 
in a direction transverse to that ’ 
of the principal septa, it would 
be converted into a IJeUro- 
deifimx; juKt as a Pcneroplh 
w'ould be converted by the like 
(ti. nr . subdivisioji into an ()rhi('uUm' 

^ ’ f we see m lleter.>sti^gina. as in Orbiculina, a 

j?r<at tendency to the openmg-out of the spire with the advance 

of age ; so that the aper- 



Intt-nml cjint of two of tlio chain- 
Ihtk, «, of Ntimmufinn "vvitli 

thn network of Oaijals, h, h, in th<t 
marginal cord, conimiinicafing with 
canals passing In'twccn the cham- 
bers. 


Fkj. 





tiiral margin extends round 
a large part of the shell, 
which thus tends to become 
discoidal. And it is not a 
little curious that we have 
in this series another form, 
CijrlochjpvuK, which bears 
exactly the same relation 
to Heterostegina, that Or- 
bitolites docs to Orbiculina; 
in being constructed upon 
the njrlieaJ plan from the 
commencement, its cham* 
berlets l>eing arranged in 
nngs around a central 
chamber (Plate xvl, fig. 1), 
This remarkable genus, at 
present only known by 
fipecimens dredged up 
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from considerable depths ofiE the coast of . Borneo, is the largest 
of existing Foramimfera ; some specimens of its disks in the 
British Mtiseum having a diameter of inches. Notwith- 
standing the difference of its plan of growth, it so precisely 
accords with the Nummulme type in every character which 
essentially distinguishes the genus, that there cannot be a doubt of 
the iutimacy of their relationship. It will be seen from the exami- 
nation of that portion of the figure which shows Cyclochjpeus in 
vertical section, that the solid layers of shell by which the cham- 
bered portion is enclosed are so much thicker, and consist of 
so many more lamellm, in the central portion of the disk, than they 
do nearer its edge, that new lamella) must bo progressively added 
to the surfaces of the disk, concurrently with the addition of new 
rings of chamberlets to its margin. These lamella), however, are 
<dosely applied <me to the other, without any intervening spaces ; 
and they are all traversed by columns of noii-tubular substance, 
which spring from the septal bands, and gradually increase in 
diameter with their approach to the surface, from which they pro- 
ject in the central portion of the disk as glisteyiing tubercles. 

492. The Nummulitic Limestone of certain localities (as the 
South-west of France, North- 

eastern India, &c.) contains i^io. . 



a vast abundanct; of discoidal 

bodies termed Ovhitoides (Fig. 

c), which are so similar to i 
NutmiuiliU^s as to have been 
taken for them, but which bear 
a much closer resemblance to 
('ycloclypeiis. These are only 
known in the fossil state ; and 
their structure can only be as- 
certained by the examination of 6 

sections thin enough to be 
translucent. When one of tbesc^ , 
disks (which vary in size, in 
Afferent species, from that of a 
fourjienny- piece to that of half- 
a-crown) is rubbed-down so as 
to display its internal organiza- 
tion, two tlifferent kinds of 
structure are usually seen in it: “ 

one being composed of ebam- 
berlets of very definite form, 

circular in otners, arrang surface ; traversing at «, a, the 

with a general but not constant fleial layer, and at &, 6, the median 

regulanty in concentric circles layer. 

C&s. 339, 340, 6, h ) ; the other, 

less transparent, being formed of minuter chamberlets wmen nave no 


a Fio. 340, h 



roYtiona of tho Bection of Oihitoidcs f\)rtwi hliown in Fij? 339, more 
liigUly magnified ; — «, buperileial layer ; 6, modiiiii layer. 

last, niinuto yiuTictuationR may 1)0 ol>sorv(Ml, wliicli Hooni to ))o the 
orifices ot connecting tubes "whereby they arc perforated. Tlio 
relations of these two hinds oi Htructure to each other are made 
evident by the examination of a v(‘rtical seetion (Fig. oil) : which 

Fig. 311. 



Vortical Section of OHufoidi-* bliowuig the large 

wutral chamber nt rt, and tie* median layer suiTOUudiug it, 
covered above and Ik'Iow b) the supeificial lujerb. 


shows that the portion 7/, Figs. 5 >40, forms the median plane, 

its concentric circles of chaiuberlots l>eiiig aimnged round a large 

iM'iitral chamber, as in Cyclocltf- 
Fiq. 341 fH Kb ; whilst the chamberlcts of 

the portion a arc irregularly super- 
« posed one u}.>on the other, so as 
(, to lonn several layers which are 
most nnraerous towards the centre 
” of the disk, and thin-away gradu- 
ally towards its margin. Tlie dis- 
rt" ]>(>bition and connections of the 
(‘homberlets of the median layer 

m (hhitoiJes seem to correspond 


Internal Cast of poi-tion. of iiu‘- 
dian pUnn of Omtokif« Forintii^ 
Mhowing at « «, o' o', o" o", six 
chantbi^ of eacli of three zones, 
with thoir mutual eonuntinica- 
tioae I and at f> 6^ V ft'J h" 6*^, por 
tkms of three annular canals. 


very closely with those wliich nave 
been already de8cril>ed as prevail- 
ing in Ctjclo^Jypem ; the most sa.- 
tisfactory indications to thin effect 
Innng furnished by the sUioeons 
* internal casts’ to be met with m 
certmn Green Sands, which afford 
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a model of the sarcode-body of the animal. In »uch a fragment 
(Fig. 342) we recognize the chamberlet^i of three sncceeBive isonee, 
a, a\ a", each of which seems normally to communicate by one or 
two passages with the chamberlets of the zone internal and exter- 
nal to its own ; whilst between the chamberlets of the same zone 
there seems to be no direct connection. They are brought iiito re* 
lation, however, by means of annular canals, which seem to repre- 
sent the spiral canals of the Nnmmulite, and of which the ‘ internal 
casts* are seen at h ?/ h\ U' h'\ 

493. A most remarkable Fossil, referable to the Foraminiforal 
type, has been recently discoverml in strata much older than the 
very earliest that wore previously known to contain Organic 
remains; and the determination of its real character may be 
regarded as one of the most interesting results of Microscopic 

Fio, 3^34 



Vertical Section of Contulense^ showing alternation of Calcareotm 

(light) and Serpeotiuotis (dark) lamella, 

research. This fossil, which has received the name Eozomv 
deme (Fig. 343), is found in beds of Serpentine Limestone that 
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occur near tke base of the Laivreniimi formation* of Canada, which 
hae its parcel in Europe in the ‘ fundamental gneiss* of Bohemia 
and Bavaria, and in the very earliest stratified rocks of Scandinavia 
and Scotl^d. These, beds are found in many parts to contain 
n^s^s of considerable size, but iisnally of indeterminate form, 
disposed after the manner of an ancient Coral Keef, and consisting 
of alternating layers— dr<*(iu(*ntly numhering from 50 to 100 — of 
Carbonate of Lime and Ser]>entme (silicute ot magnesia). The 
regularity of this alternation, and the fact tliat it oresents itself 
also between other Calcareous and Siliceous minerals, having led 
to a suspicion that it hod its origin in Organic structure, thin sec- 
tions 01 well-preserved s]>(?ci!nenH were suhmilted to microHCOpic 
examination by Dr. Dawson of Montreal, who at once recognized 
its Foraminiferal nature :t the rnlcnre<fntf hiycrs jiresenting the 
cliaraotoristic apjM'arances of true Kf> di'^posed as to fonn an 
irregularly chambensl structure, ami lre(pjeutly traversed by 
sysfiims of ramifying canals corresjxjiuling to those of Cdlmrinu 
(^48f); whilst the s<Tpca^'aouK or other siliceous layers were 
regarded by liim as having been formed by the infiltration of sili- 
<*ates in solution into the cavities originally occupied by the sarcode- 
body f)f the animal, — a process of whose occurrence at various Geo- 
logical periods, and also at the present time, abundant evidence has 
already been adduced. Having himself taken up the investigation 
(at tlie instance of Sir William Logan), the Author was not only 
able to confirm Dr. Dawson’s conclusions, but to adduce new and 
important evidence in support of them.J Although this determina- 
tion has been called in question, on the ground that some resem- 
blance to the 8upjK)stHl organic structure of ICozoim is presenL^d by 
bodies of purely Mineral origin,^ yet, as it has been accepted not 
only by most of those whose knowledge of Foraminiferal structure 
j^ives weight to their judgment, (among whom the late Prof. Max 
8clmlze may be s]>ecially named), but also by Geologists who have 


^ This Lavrentian J'ortnntion was lii-Kt id<*ntifi(»(l as a regular series of stm- 
iified ixxsks, UTKletlyiug the <*quivHleut8 i><»t inrrrly of th<' tSiluvian, but also of 
Uie Upper and Lower Oainbnan systems of this country, by Sir William Logau, 
the {omaet able Director of the Geological Survey of Canada. 

t This rt<c<^itiou was due, as Dr. Dawson has explicitly stated in his 
original iMamotr (“Uuarterly ,rournal of the Geological St^iety,” Vol. xxi., 
p. 5i), to his acquaintance not merely with the Author’s previous researches 
on tlm minute structmx» of the Foramm{rera^ but with the sjKsrial characters 
pretsontad by thin sections of ('alcarinn which hadbtH'u transmitted to him by 
the Author. Dr. D. has given an excellent account of the Gt)olc^ical and 
MinenUogico! ndations of as well of its Organic slruoturo, in a small 

book entitled “ The Dawn of l.itc.” 

J For a fuller account of the n'sults of the Authors oavu Study of Ei/zo6ny 
and M I'ke basia on which the alnive r<'«tnistruction is foiiudod, see his Papere, 
iu ** Quart. Joum. of Geob Soc.,'* Vol. xxi., p. 5l), and Vol. xxii., p. 210, and in 
the « Intellectual Observer/’ vii. (IsUo), p. 278; and his ‘Further Re- 
searches,’ in ** Ann. of Kat, JIDt.,” June, 1H74. 

& flee the Memoirs of Profs. King and Rowney, in Quart Journ. of Geol. 
Soe.,'* VoL xxSi, p* 185 ; and “ Ann. of Nat. HiRl.,” May, 187 A 
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specially studied the Micro-mineralogical structuTe of the older 
Metamorphic rocks the Author feels justified .in here deacribmg 
Eozoon as he believes it to have existed when it originally extendea 
itself as an animal growth over vast areas of the sen-bottom in the 
Laurentian epoch. 

494. Whilst essentially belonging to the NummuHnc group, in 
virtue of the fine tubulation of the shelly layers forming the 
‘ proper wall’ of its chambers, Eiaolht is related to various types of 
recent Foraminifera in its otlau (jharacters. For in its indeter- 
minate zobphytic mode of growth, it agrees with Polytrema (§ 483) ; 
in the incomplete separation of its chambers, it has its parallel in 
Garpenferin (§ 481) ; whilst in the high development of its ‘ inter- 
mediate skeleton' and of the ‘ canal-system’ by which this is formed 
and nourished, it finds its nearest representative in Calcarina 
(§ 484). Its calcareous layers were so super|)osed, one upon another, 
as to include between them a succession of ‘ storeys’ of chamhers 
(Plate xvii., fig, 1, Ah a‘, a-, a"); the chambers of each ‘storey' 
usually oj)ening one into another, as at a, a, like apartments 
en sniir ; but being occasionally divided by complete 
/j, h. These septa are travcirsed by passages of communication 
between the chambers which they separate ; resembling those which, 
in existing types, are occui>ied by sfolonH connecting together the 
segments of the sarcode-body. Each layer of shell consists of ^ two 
finely -tubulated or ‘ nummuline’ lamelhn, n, Jt, which form the 
boundaries of the chambers beneath and above, Hervmg(80 to speak) 
as the CA’llhuf of the former, and as t\\(\ fl< tor of the latter; and of 
an intervening deposit of homogeneous shell -substance c, c, which 
constitutes the * intennediatc skeleton.’ ’Phe tubuli of tins ‘ num- 
muline layer (Fig. 344) are usually lilled-up (as in the Nuinmulites 
of the * nummulitic limestone’) by mineral infiltration, so as in 
transparent sections to present a fibrous appearance ; but it fortu- 
nately happens that through their having in some cases escaped 
infiltration, the tubulation is as distinct as it is even in recent 
Kummiiline shells (Fig. 344), bearing a singular resemblance in its 
occasional waviness to that of the Crab’s claw (§ 613). The thick- 
ness of tills interposed layer varies considerably in different parts 
of the same mass ; being in general greatest near its base, and 
progressively diminishing towards its upper surface. The ‘ inter- 
mediate skeleton’ is occasionally traversed by large passages (n), 
which seem to establish a connection between the successive layers 

♦ Among tbeso tlio Author is perraitUid to mention Prof.Geikie, of Edinbm^h, 
who bits thus studied thf older rocks of and Prof. Bonney, of Oam- 

bridge and London, AV*ho has made a like study of the Cornish and other Ser- 
pentines. By btAli these eminent authorities lie is assured that they have met 
with no puredy Miin'ral Htructure in the least resembling EozoUn, either in it« 
regular alternation of (Calcareous and Sertx'ntinous lameil8B,*or in the demhifio 
extensions of the latter into the former ;aud while they accept as entirety Mths- 
factory the doctrine of its Organic origin maintained by the Author, they find 
themselves unable to conceive of any Inorganic agency by which such a tbnoc- 
ture could have been produced. 
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of chambars ; aawl it is penetrated by arborescent systems of canals 
(K, e), which arc x)ften distributed both so extensively and so 


Fig. 3U. 



Vorticul Sf’clioii of a portion of ono of tljo (^Hlraroons 
lamellm <*( Kozoitii (/aii«<louHo: — no, Nnniiriuliuo layer, ppr- 
fomtwi Ijy pftrall(*l tulmli, which show a along the 

luio Ixinoath this is soon the iiitcnncdiutc skclcfon, c, c, 
traveiw'A by the’ larg<' canals, h, jind by oblique cleavage 
plau<'H, which extend also into the nummiiliiH* layer. 

inmutoly through its substanco, as to leave very little of it without 
a branch, 'riiesc canals take their origin, not directly from the 
chaml>er8, but from irregular lannniv or interspaces between the 
outside of the proper chain her- walls and the ‘ intermediate skeleton/ 
exactly as in Calraritm (§ 484) ; the extensions of the saroodo 
body which occupied them having apparently been formed by the 
coafescence of the pseudopodial filaments that passed through the 
tabulated lamella^. 

495. In the fossilized condition in which EorMon is most com- 
monly found, not only the cavities of the cknmliers, but the canal- 
systems to their smallest ramitications, arc filled-up by the siliceous 
infiltration which has taken the place of the original sarcode-body, 
as in the castes already cited (J -l-B? nnfc ) ; and thus when a mm! 
of this fossil is subjectixl to the action of dilute acid, by which its 
oaloareons portion is diasolved-away, wc obtain an inismal cad of 
its chambers and canal-system (Plate xvn.. fig. 2), which, thouj^h 
altogether dissimilar in orniuqnneiif, is essentially analogous in 
efutradm* to the ‘ internal casts* represented in Figs. 3&, 382. 
Ibis cast presents us, therefore, ydth a ?nfM in hard Sermn^eof 
the soft sarcode-body which originally occupied the chambers, and 
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«Tfceiided itself into the ramifying canals, of the calcareous shell ; 
and, like that of Poly^i^toniella (§ 487), it affords an even more .satis- 
factory elucidation of the relations of these parts, than we could 
have gained from the study of the living organism. We see that 
each of the layers of serpentine, forming the lower part of such a 
specimen, is made up of a number of coherent segments, which 
have only undergone a partial separation ; those appear to have 
extended themselves honzontally without any definite limit ; but 
have here and there developed new segments in a vertical direction, 
so as to give origin to new layers. In the spaces between these 
successive layers, which were originally occupied by the calcareous 
shell, we see the ‘ internal casts^ of the branching canal-system ; 
which give us the exact models of the extensions of the sarcode* 
body tnat originally passed into them. — But this is not all. In 
specimens in which the nummulino layer constituting the ‘ projicr 
wall’ of the chambers was originally well preserved, and in which 
the decalcifying process has been carefully managed (so as not, by 
too rapid an evolution of carbonic acid gas, to disturb the arrange- 
ment of the serpentinous residuum), that layer is represented by 
a thin white film covering the exposed surfaces of the segments ; 
the superficial aspect of which, as well as its sectional view, are 
shown in fig. 2. And wlien this layer is examined with a suffi- 
cient magnifj^iug power, it is found to consist of extremely minute 
needle-like fibres of Herpentine, which sometimes stand upright, 
parallel, and almost in contact with each other, like the fibres of 
asbestos (so that the film which tlicy form has beeii termed the 
• asbestiform layer’), but which are frequently grouped in converg- 
ing brush-like bundles, so as to be very close t<:> each other in 
certain spots at the surface of the film, whilst widely separated in 
others. Now these fibres, whi(di are less than l-10,0{X)th of an 
inch in diameter, are the ‘internal casts’ of the tubuli of the 
Nummuline layer (a precise parallel to them being presented in 
the * internal cast’ of a reemt Ampbistegina in the Author’s 
possession) ; and their arrangement presents all the varieties 
which have been mentioned (§ 488) as existing in the shells of 
Opertidina. — Thus these delicate and beautiful siliceous fibres 
represent those pscudrmodlal threads of Barcode, which originally 
traversed the minutely-tubular walls of the chambers; and a 
precise model of the most ancient animal of which we have any 
knowledge, notwithstanding the extreme softness and tenuity of 
its substance, is thus presented to us, with a completeness that is 
scarcely even approacned in any later fossil. 

496. In the upper part of the ‘ decalcified’ specimen shown in 
Plate xviIm fig. ‘2, it is to l>e observed that the segment® are 
confusedly heaped together, instead of being regularly arranged in 
layers ; the latnellcded mode of growth having given place to the 
aef^rv^itie* This change is by no means uncommon among Pora- 
mmifera; on irregu^r piling-togetiier of the chambers being 
frequently metiwitn in the later growth of tyjHJB, whose earlier 



the soa-hottom of largo areas of the Atlantic Ocean at the present 
time has come to be covered with accnmnlations of (Tlol)i(jein))(B, 
which, if fossilized, would form beds of Limestone not less massive 
than those which have had their origin in the growth of Eozoou . — 
The difference l>etween the two modes of increase may be compared 
to the difference between a Plant and a Tre^?. For in the Plant 
the individual organism never attjiins any considerable size, its 
extension by gemmation being limited ; though the aggregation of 
individuals produced by the detachment of its buds (as in a Potato 
field) may give rise to a mass of vegetation as great as that formed 
in the largest IVee bv the continuous putting mrth of new buds. 

497. It has boon liitherto only in the Lauren tian Seri^entine- 
Limestone of Canada, that Eozodn has presented itself in such 
a state of preservation as fully to justify the assumption of its 
Organic nature. But from the greater or less resemblance which 
is presented to this by Ser])entine- Limestones occurring in various 
localities, ^ong strata that seem the Ceological equivalents of 
the Canadian Laurontians. it seems a justifiable conclusion that 
this type was very generally diffused in the earlier ages of the 
Earth^s history ; and that it had a large (and probably the chief) 
share in the production of the most ancient Calcareous strata, 
separating Carbonate of Lime from its solution in Ocean-water, in 
the same manner as do the Polypes by whose growth Coral-reefs 
and islands are being upraised at the present time. 

An elaborate work, ** Der Ban des Eozoon Canadonse*' (1878) has been 
recently pubUahed by Prof. Mdbius of Kiel, in which the straotnre of 
JStModa 18 oompared with that of various types of Foramiuiferat and, as it 
difieia from that of every one of them, is amrmed not to be Organic at all, 
but purely Mineral. Upon ibis the Author would remark, that if the 
validity this mode of reasoning be admitted, any Fossil whose str n c t q g w 
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<!o«t not correspond with that of some existbg type, is to bo stmi* 
laii^ rejected. Thus, the Stromatopora of Silurian and ^vonian rocks, 
which some Palfleontologists regard as a Coral, others as Pol 3 r«oary , others 
as a Oaloareous S^nge, and others as Foraminifer, would not be a fossil 
at all, beoanse it differs from every known living form. Yet the sugges- 
tion that it is of Mineral origin would be scouted as absurd by every 
Palseontoiogist. Again, it is urged by Prof. MobiustUat as the suppos^ 
canal- system of J^vzoOn has not the constancy and regularity of distri- 
bution which it presents in existing Poraminifera, it must be ac- 
counted a Mineral infiltration. To this the Author would reply That 

a prolonged and careful study of this ‘ canal- system,* in a great variety of 
modes, with an amount of material at his disposal many times greater tnan 
Prof. Mobiufl could command, has satisfied him that in weIl-pro8erve<l 
specimens the canal-system, so far from l)eing vague and indefinite, has 
a very regular plan of distribution ;~(2) That this plan docs not differ 
more from the arrangements characteristic of the several tyj)e8 of existing 
Foraminifera^ than these differ from each other, its general conformity to 
them being such as to satisfy Prof. Max 8chultze (one of the ablest For- 
aminiferahsts of his time) of its Foraminiferal character ; — and (8) That 
not only does the distribution of the canal -system of EozoUn differ in cer- 
tain essential features from every foi-m of Mineral infiltration hitherto 
brought to light, but that canul-syatema in no respect differing from eac/i. 
other in distribution are occupied by different minerals^ — a fact which seems 
conclusively to point to their pre-exisfence in the (/alcareoiis layers, and the 
subsequent penetration of these minerals into the passages previously occu 
pied by sarcode,— precisely as hasliappcncd in those ‘iutenial casts’ of 
existing Foraminifera (§ 497) which Prof. Mobius altogether ignores. 

The argument for the Foraminiferal nature of Fozodn is essentially a 
cumulative one, resting on a number of independent probabilities ^ no one 
of which, taken separately, has the cogency of a proof; yet the acconb 
anco of them all with that hypothesis has an almost demonstrative 
value, no other hypothesis accounting at once for the whole assemblage 
of facts. — As it is the Author's intention to spi forth this in the best and 
completest form he can devise, at the earliest possible period, he would 
beg for a suspension of judgment on the part of those who have credited 
Prof. Mobius with having completely settled the question ; the small 
amount of evidence contained in bis Memoir bearing no comfiarison to 
that of an opposite bearing of which the Author is in possession. 

• 

498. CoUecilofi and Selecflon of Foraminifera, — Ma^ of the 
Foraminifera attach themselves in the living state to ^a-woods. 
Zoophytes, &c. ; and th|sy should, therefore, he carefully looked-for 
on such bodies, especially when it is desired to observe their in- 
ternal organization and their habits of Hfe, They are often to be 
collected m much larger numbers, however, from the sand or mud 
dredged-up from the sea-bottom, or even from that taken from 
between the tide-marks, ^n a paper containing some valuable 
hints on this subject,'*' Mr. I»egg mentions that, in waking over 
the Small-Month Sand, which is situated on the north-side of Port- 
land Bay, he observed the sand to be distuKjtly marked with white 
ridges, many yards in length, running parallel with the edge of 

• “ Transactions of lllarascopical Society,** 2iid Serien, Vol. ii. (1854), p* 19L 
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the water ; and upon examining portions of these, he found Foni- 
minifera in considerable abxmdance. One of the most fertile sources 
of supply that our own coasts afford, is the ooze of the Oyster-beds, 
in wmcn large numbers of living specimens wiU be found; the 
variety of specific forms, however, is usually not very great. In 
separating these bodies from the particles of sand, mud, &c., with 
which they are mixed, various methods may be adopted, in order 
to shorten the tedious labour of picking them out, one by one, under 
the Simple Microscope ; and the choice to l)e made among these will 
mainly depend upon the condition of the Foraminifera, the impor- 
tance (or otherwise) of obtaining them alive, and the nature of the 
substances with which they are mingled. — Thus, if it be desired to 
obtain Iwiufj specimen.s from the oyster-ooze, for the examination 
of their soft parts, or for preservation in an Aquarium, much time^ 
will bti saved by stirring the mud (which should be taken from the 
surface only of the deposit) in a jar with water, and then allowing 
it to stand for a few moments ; for the finer particles will remain 
diffused through the liquid, while the coarser will subside ; and as 
the Foraminifera (in the present case) will be among the lieairier^ 
they will be found at the bottom of the vessel with comparatively 
little extraneous matter, after this operation has been repeated two 
or throe times. It would always be well to examine the first deposit 
let fall by the water that has been poured-away ; as this may contain 
the smaller and lighter forms of Foraminifera.— But supposing that 
it be only desired to obtain the dead shells from a mass of sand 
brought-up by the dredge, a very different method should bo 
adopted. The whole mass should be exposed for some hours to the 
heat of an oven, and be turned-over several times, until it is found 
to have been thoroughly dried throughout ; and then, after being 
allowed to cool, it should be stirred in a large vessel of water. The 
chambers of their shells being now occupied by air alone (for the 
bodies of such as were alive will have shrunk-up almost to uothing), 
the Foraminifera will be the lightest portion of the mass ; and they 
will be found floating on the water, while the particles of sand, &c., 
subside. Another method, devised by Mr. Legg, consists in taking 
advantage of the relative sizes of different kinds of Foraminifera. 
and of the substances that accompany them. This, which is 
especially applicable to the sand and rubbish obtainable from 
Sponges (which may be got in large quantity from the sponge- 
merchants), consists in sifting the whole aggregate through succes- 
sive sieves of wire-gauze, commencing witii one of 10 wires to the 
inch, which will seimrate large extraneous particles, and proceeding 
to those of 20, 40, 70, and 100 wires to tne inch, each (especially 
that of 70) retaining a much larger proportion of Foraminiferal 
shfdls than of the accompanying particles ; so that a large portion 
of extraneous matter being inns got rid of, the final ejection 
becomes comparatively easy.— -Certain forms of Foraminifera are 
fotmd attach^ to Shells, especially bivalves (such as the Ohamo/cetB) 
with IdUated surfaces; and a careful examination of those of 
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tropical seos^ when bronffht home ‘ in the ron^h/ is almost sure to 
yield most valuable results. — ^The final selection of specimens for 
mounting should alw^s bo made under some appropriate form of 
Single iJicroBCope (§§ 43-48) ; a fine camel-hair pencil, with the 
point wetted between the lips, being the instrument which may be 
most conveniently and safety employed, even for the most delicate 
specimens. In mounting Foraminifera as Microscopic objects, the 
method to be adopted must entirely depend upon whether they art^ 
to bo viewed by trmismitted or by rojtecfed light. In the former 
case they should be mounted in Canada balsam (S 210) ; the various 
precautions to prevent the retention of air-bubbles, which have 
been already described, being carefully observed. In the latter no 
plan is so simple, easy, and effectual, as the attaching them with 
a Httlo gum to wooden slides (Fig. 124). 3'hey should be fixed in 
various positions, so as to present all the different aspects of the 
shell, particular care being taken that its mouth is clearly dis- 
play<^; and this may often be most readily managed by attaching 
the specimens sideioai/e to the wall of the circular dmiression of the 
slide. Or the specimens may bo attached to disks fitted for being 
hold in Morris’s Disk-holder (Fig. 95) ; whilst for the examination 
of specimens in every variety of position, Mr. R. Beck’s Disk-holder 
(b^g. 94) will be found extremely convenient. Where, as will often 
happen, the several individuals differ considerably from one another, 
special care should be taken to arrange them in series illustrative of 
their range of variation and of the mutual connections of even the 
most diverse forms. — For the display of the internal structure of 
Foraminifera, it will often be necessary to make extremely thin 
sections, in the manner already described (§§ 192-194) ; and much 
time will bo savt^ii by attaching a number of specimens to th(j 
glass slide at once, and by grinding them down together (§ 192, notv). 
For the preparation of sections, however, of the extreme thinness 
that is often required, those which have been thus reduced should 
be transferred to separate slides, and finished-off each one by itself. 

Radiolakia. 

499. It has been shown that one series of forms belonging to tlio 
ItJdzopod type is characterized by the nxduiting arrangement of 
their rod-Hke psmdopodia {§ 399), suggesting the designation 
jkdiozoa or * sun-anim^cules and that even among those fresh- 
water forms that do not depart widely from the common Actmophry$ 
(Fig. 285), there are some whose bodies are enclosed in a complete 
siliceous skeleton. Now just as the Reticularian type of Rhizopod 
life culminates in the marine calcareous-shelled Foramimfera^ so 
does the Heliozoic type seem to culminate in the marine Badiohuria ; 
which, living for the most part near the surface of the ocean, form 
$MceouB skeletona (often of marvellous aymmet^ and beauty), that 
fall to Ihe bottom on the death of the animals that produced them, 
and may remain unchanged, like those of the Diatoms, through 
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ni^imited Mnods of time. Some of tkeee ekeletous, mingled with 
tiio»6 of Diatoms, had been detected by Prof. Bhrenberg in the 
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Fossil Jiadioiaria from Farbadws : — a, rt>docyrti8 niitra ; 
by Rhftbdnlithiifl sceptrum; c, Lyclmocatiium falcifenim ; 

<1, Eucyrtidiiim tubulus ; c, Flustrcllaconceutricsa; f, Lychno- 
caniuin lucenta; jr, Fucyrtidium elegans; h, Dictyospyrit 
clathruB ; <, Eucyrtidium Mongolfieri ; /;, Ktt'phanolilhis epi- 
nescens; ^ 8 . nodosa; m, Lithocyclia ocollus ; n, Gephalo- 
lithis syivina ; o, Podocyrtis cothuniata ; p, RbabdoUUius pipa. 

midst of various deposits of Foraminiferal orimn, such as the Cal- 
careous Tertiaries of Sicily and Greece, and of Oran in Africa ; and 
lie established for them tno group of rolyzystimy to which he was 
able also to refer a beautiful senes of fonns making-up nearly the 
whole of a siliceous sandstone prevailing through an extensive 
district in the island of Barbadoes (Fig. 346). Nothing, however, 
was known of the nature of the animals that formed them, until 
they were discovered and studied in the living state hy Prof. 
J. Muller;* who established the group of Eadmlaria, inolndmg 

*T)eber die 7%aiim(eoUeny Polpe^ineny nnd ^Miniftom<tfrefi dies MHtel- 
ttweres,* in ** Ibhiuidltti^i) dor Kfiuigl. Akad. der Wissenscb. au Berii%*' 
4S&B, and separately pnbliabed; alno *X)eber die im Hafea von Mesaba hs^ 
lieobteten in tbe ** MonaUberiehte’* o! the Berlin Academy for 
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thoroin* with the Polifcydina^ of Ehrenberjaf, the Aoauthometrma 
(§ i^5) first recognizeti by himself, and the TltalaeskoUet (§ 500) 
which had been discovered by Prof. Huxley. Hot long after- 
wards ajmeared the magnificent and ‘ epoch-making’ work of T^f. 
Haeckel ;* and since that time much has been added by variotis 
observers to our knowledge of this group, which stUl remains, how- 
ever, very imperfect. For the following general account of its 
characters, the Author is indebted to the valuable summary of 
*' Recent Researches in regard to the Radiolarisi” lately given by 
Prof. Mivart.f 

500. Each individual Radiolarian consiMts of two portions of 

coloured or colourless sarcode : one portion nucleated and central ; 
the other portion peripheral, and almost always containing certain 
yellow corpuscles. ’iTiose two jiortions are separated by a emtinous 
membrane called the but this is so porous as to allow of 

their free cominuuicatioii with each other. Tlie yellow corpuscles 
soem to be true ‘ cells having a regular membranous wall, with 
protoplasmic contents (including starch-granules), and distinct 
nuclei ; and multiplying themselves by subdivision. But there is 
considerable doubt whether they are rcaUy parts of the animal 
body, as they have been found in vigorous hfe when the rest of the 
animal is dead and decaying ; and they are roi^rded by Oienkowski 
as parasites. The pHcadopodia radiate in all ilirections (Plate XVill., 
figs. 3, 4) from the deeper jmrtion of the extra-capsular sarcode ; ^ey 
have generally much persistency of direction, and very little flexi- 
bility ; in some species (hut not ordinarily) they branch and anas- 
tomose ; while in others they are enclosed in hollow rods that form 
part of the siliceous skeleton, and issue forth from the extremitieK 
of these. A flow of ^anules takes place along them ; and the mode 
in which they obtain food-particles (consisting of Diatoma and 
other minute Algae, marine Infusoria, Ac.), and draw them into the 
saroode-bodies of the Radiolarians, appears to correspond entirely 
with their action in Aciuwphrye and other Hcliozoa (§ 399). 

501. In moat Rtjdiolarm, skeletal structures are developed in the 
sorcode-body, eitlier inside or outside the capsule, or in both 
positions ; , sometimes in the form of investing networks having 
more or less of a splvoi^oidol form (Plate xix., figs. 1, 2), or of 

tltig spines (fig. 3), or of combinations of these (figs. 4, 6). But in 
many ca^ the skeletcgi consists only of a few scattered spicules ; 
and this is especially the case in certain large composite forms or 
colonies’ (Fig. 350) which may consist of as many as a thousand 
zooids, aggregated together in various forms, discoidal, cylindrical, 
spheroidal, cnain-like, or even necklace-like. The ‘ colonies’ eeem 
to be produced, like the multiple segments of the bodies of Fonami- 
ntfera (§ 466), by the non-sexu^ multiplication of a primordial zooid j 
bat whether this multiplication takes place by fission, or by the 
Irndding-ofiT of portions of the saroode-body, has not yet been clearly 

* ** I)m> ^adiolnrim {Bbisopoda fiadiaria),’* Barlin, 1862, 
f ** Jooroal 0 i the Linamm Society,** Vol xiv, (Zool), XN 
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nude-oni. The emiesion of fiageilaied eoospores, very eunilar to 
those of ClaihruUna (Fig« 288), has been observed in many Radio- 
larians j but of the mode in which they are produced, and of their 
subsequent history, very little is at present known.-~Until the 
structure and life-idstory of the animals of this very interesting 
type shall have been more fuUy elucidated, no satisfactory classifi- 
cation of them can be framed; and nothing more will be here 
attempted than to indicate some of the principal forms under 
which the Radiolarian type presents itself. 

502. DlHcuda . — Among the beautiful siliceous structures which 
are met with in the Ramolariau sandstone of Barbadoes (Fig. 345) 
there is none more interesting than the skeleton of Astromma 
(Fig. 346) ; in which we have a remarkable example of the range of 
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mriation that is compatible with conformity to a plan of 

strueturo. As in other forms of HaeckeFs group of Disetda^ mere is 
in this sk^eton a combination of radial and of circumferential parts; 
the former consisting of solid spoke-like rods, whilst the latter is 
composed of a siliceous network more or less completely tilling up 
spaces between the rays. The radial port of the skeletcm 
dominates in the beautifnl 4-rayed example represent^ atn, naviM 
the form of a Maltese cross; whilst in f and e it still shows itself 
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v^ry coixspicuouBly, though the spaces between the rays^ are in 
great part filled up by the circumferential network. In the 5-rayed 
specimens a and b, on the other hand, the radial portion is mu^ 
less developed, whilst the circumferential becomes more disooidal. 
And in c and e, while the circumferential network forms a pcntago* 
nal disk, the radial portion is represented only by sobd projections 
at its angles. The transition between the extreme forms is found 
to be so gradual when a number of specimens are compared, that 
no lines of specific distinction can bo drawn between them ; and the 
difference in the numhar of rays is probably of no more account in 
these low forms of Animal life, than it is in the disooidal Diatoms 
(§ 290). — Other disooidal forms, showing a like combination of 
radial and circumferential parts, are represented in Figs. 1147 and 
d48, and also in Fig. .‘145, e, m. 

Fkj. 3-17. Fig. 31H. 



t*evic}damyduim pvcdexUun. Slylwli/cftfa yracUm, 

503. ISniosphv.rUla. — ^In this CTOup the siliceous shell is spheroidal, 
and*is foTmmwliltliL the capsule ; and it is not traversed by radii, 
although prolongations of the shell often extend themselves radially 
outwards, as in Chidococcus (Plato xix., fig. 5). Sometimes the 
central sphere is enclosed in two, three, or even more concentric 
spheres connected by radii, as in the beautiful Jetinomma (Plate 
XIX., fig. 2); reminding us of the wonderful concentric spheres 
carved in ivory by the Chinese. — One of the most common examples 
of this group is the italiomma Humboldtii (Fig. 349), in which the 
shell is double. 

504. Polyoydina. — This name, which originally included the pre- 
ceding group, is now restricted to those which have the shell formed 
oatside ihe capsule. This shell may, as in the preceding, be a 
simple sphere composed of an open siliceons network, aa in 
Eihraospluma (Plate xix., fig. 1) ; or it may consist of two or three 
concentric spheres connected by radii ; or, again, it may put forth 
radial outgrowtha, which sometimes extend themselves to several 
tames the diameter of the shell, and ramify more or less minutely. 
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m ia Armhfio^hoBra (Plate xix., fig. 4). Bat more freqaently the 
opeas-cmt at one pole into a form more or lees ^U-like, as 
in PoaomjftM (Plate xvm., fig. 1, and Pig. 345, a, o), MmjUoca^ 

nium (Hate xtiil, fig. 2), and 
P^erocamim (Plate xviii., fig. 4) ; 
or it may be elongated into a 
somewhat cylindrical form, one 
pole remaining closed, while the 
other is more or less contracted, 
as in Encyrtidium^ (Fig. 345, 
d, ?). — ^Tne transition between 
these forms again, proves to be as 
gradational, when many speci- 
mens are compared,* as it is 
among Foraminifera {§ 488). 

505. Acanihornetrina — In this 
group the animal is not enclosed 
within a shell, but is furnished 
with a very regular skeleton com- 
posed of elongated spines, which 
radiate in all directions from a 
common centre (Plate xix., fig. 3). The soft sarcode-body is 
spherical in form, and occupies the spaces left between the bases 
or these spines, which are sometimes partly enclosed (as in the 
species represented) by transverse projections. The ‘ capsule’ is 
pierced by the pseudopodia, whose convergence may be traced from 
without mwaras, after passing through it ; and it is itself enveloped 
in a layer of loss tenacious protoplasm, resembling that of which 
the pseudopodia are composed. One species, the Acanthmnetra 
which presents itself to the naked eye as a crimson- 
red point, the diameter of the central part of its body being about 
6-l600th8 of on inch, is veiy common on some parts of the coast 
of Norway, especially during the prevalence of westerly winds ; and 
the Author has himself mot with it abundantly near Shetland, in 
the floating brown masses termed t/iodrc by the fishermen (who 
bdlieye them to furnish food to the herring), which consist mainly 
dt thie Acanthomotra mingled with Entomostroca. 

^ 506. CdUozoa. —To this group belong these remarkable compo- 
site winch, exhibiting tne characteristic Badiolarian type 

in their individual zooids, are aggregated into masses in which 
the skeleton is represented only by scattered spicules, as in Spjmro* 
(Pig. 350) and ThalcmwoUa . — These ‘ sea-jellies,* which so 
abound in toe seas of warm latitudes as to be among the com- 
moncst obj^ts collected by the Tow-net, are small gelatinous 
rounded bo^es, of very variable size and shape, but usu^y either 
globular or disooidaL Externally they are invested by a layer of 

* The geneiml PUn of stmetore of the and the siguificfttion of 

tlieir inuneiiae variety of forms, were nbly discussed by Ihr. WsUioh, fa fiie 
of too llicTosc. Soc. " N3,. Vol adii. (1$66). p. 75. 
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ocmdensed sa^ode, whicli sends forth, pseadopodial extensions thai 
oommonly stand ont like rays, but sometimes inosculate with each 
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other so as to form network. Towards the inner surface of this 
coat are scattered a ^eat number of oval bodies resembling cells, 
having a tolerably distinct membraniform wall and a conspicuous 
round central nucleus. Kach of these bodies appears to be without 
any direct connection with the rest; but it serves as a centre 
maud which a number of minute yellowish-green vesicles are dis^ 
posed. Each of these groups is protected by a siliceous skeleton, 
which sometimes consists of separate spicules (as in Fig* S50), but 
which may be a thin porforatea sphere, like that of certain Poly-' 
cystina, sometimes extending itself into radijd prolongations. Tne 
internal portion of each mass is composed of an aggregation of 
large vesicle-liko bodies, imbedded in a softer sarcodic substance.* 

S)7. From the^ researches made during the ‘ Challenger*^ expe- 
dition, it appears that the Madiolaria are very widely diffused 
through the waters of the ocean, some forms being more abundant 

• Bee Prof. Huxley (to whom wo owe our first knowledge of these forms) In 
“Ann. Nat. Hist.,** Ser. 2, V’ol. viii. (1851), p. 433; also Prof. Mttller, of Bernn* 
in ^‘Q.uart. Jouni. IdLicrosc. Sci.,’* Vol. iv. (1856\ p. 72, and in his Treatlsa 
“Heber die Thalasslcollen, Polycyatinen, una Acantbometren doi Mittel- 
meerea and the magnificent work of Prof. Haeckel, Hie Badlolariaa,**-t« 
Qwwt a^ilions to our knowledge of this group may be expected from the 
eoHeetiaiia made in the * Challenger * expedition. 
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in tro|»caI and others in temperate seas ; ^d that they live not 
only at or near the surface, but also at considerable ^pths. Their 
siliceoas skeletons accumulate in some localities (in which the 
calcareous remains of Foraminifera are wanting) to such an extent 
as to form a * Eadiolarian ooze and it is obvious that the eleva- 
tion of such a deposit into dry land would form a bed of siliceouH 
sandstone resembling the well-known Barb^oes rock, which is said 
to attain a thickness of 1100 feet, or a similar rock of yet greater 
thickness in the Nicobar islands. — Few Microscopic objects are more 
beautiful than an assemblage of the most remarkable forms of the 
Barbadian Polycydimi (Fig. JU5), esi^ecially when seen brightly 
illuminated upon a block ground ; since (for the reason formerly 
explained, § 1013) their solid forms then become much more ap- 
parent than they are when these objects are examined by light 
transmitted through them. And when they are mounted in 
Canada-balsam, tlie Black-gronnd illumination, cither by thc‘ 
‘Webster-condenser (§ 1(X)), the Spot-lens (104), or the Paraboloid 
(§ 105), is much to be preferred for the purpose of display, although 
minute details of structure can be better made out when they are 
viewed aa transparent objects with higher powers. Many of the 
more solid forms, when exposed to a high temperature on a slip ol 
platinum foil, undergo a change in aspect which renders them 
peculiarly beautiful as opaque objects ; their glassy transparence 
giving place to an enamel-like opacity. They may then be mounted 
on a olack ground, and illummated either with a Side-condenser, 
or with the Parabolic Speculum (§ 114). — No class ol objects is 
more suitable than these to the Binocular Microscope ; its stereo- 
scopic projection causing them to be presented to the mind's eye 
in complete relief, so as to bring-out with the most marvellous and 
beautelnl effect all tlieir delicate sculpture.* 

♦ For a fuller de8criptit)n of the Fossil forms of this group, sen Prof. Ebreu- 
borg’s Memoirs in the ** Mouataberichto" of the Jkirlin Acadt-my for 1846, 184/ . 
lunT 1850: also bis ‘Microgoolog^*’,’ 18M ; and “ Auu. of Nat. Hist," Yol. xx. 
^847).— The best method of separating the Polycystinn from the Barbadoes 
MOdstone is described by Mr. Furlong in the Quart. Joum. of Microsi*. 

N. a, Vol. i. (1861), p. 64. 
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8P0N0ES AND ZOOrilYTiSS. 

1. SrONtiES. 

508. The detormination of the real character of the auimals of 
this Class has been entirely effected by the Microscopic examination 
of their minute structure ; for until this came to be properly under- 
stood, not only was the general nature of these organisms entirely 
misapprehended, but they were regarded by many naturalists as 
having no certain claim to a place in the Animal Kingdom. It 
may now bo unhesitatingly affirmed that a Sponge is essentially an 
aggregate of Protozoic units, of which some correspond in every 
pamcular to the collared Fla^dlaia (Pig. 2U5), whilst others re- 
semble (t^g. 289), — the two conditions being probably only 

different stages of the same life-history. These units are held 
together hy a continuous sarcode-body, which clothes the skeletal 
framework that represents our usual idea of a Sponge. In the simpler 
forms of sponges, however, this framework is altogether absent ; 
in others it is represented only hy calcareous or siliceous * spicules,* 
which are dispersed through the sarcodic substance (Fig. d5‘2, n) ; in 
others, again, the skeleton is a keratose (homy) network, which 
may be entirely destitute (as in our ordinary Sponge) of any 
mineral support, but which is often strengthcuiod by calcareous or 
siliceous spicules (Pig- ‘b52, a) ; whilst in what may be regarded os 
the highest ty]>es of the group, the siliceous component of the 
skeleton increases, and the keratose diminishes, until the skeleton 
consists of a beautiful siliceous network resembling spun-glass 
(§ 511). But whatever may lie the condition of the elcmdont that 
of the body that clothes it remains essentially the same ; and the 
peculiarity that chiefly distinguishes the Sponge-colony from the 
plant-iiko colonies oi the Piagcllate Infusoria (Pig. 29o), is that 
whilst the latter extend themselves outwards by repeated ramifi- 
cation, sending their zooid-bearing branches to meet the water they 
inhabit, the surface of the former extends itself inwa/rdst forming 
a system of passages and cavities lined by these and the amoeboid 
sooids, through which a current of water is drawn -in to meet them 
by the action of the fiagclla. The minute pores (1%. 351, h, h) wilh 
wnich the surface a, a, of the living Sponge is beset, lead to inciur* 
rent pass^es that open into chanmers lymg beneath it (c, c) ; and 
it is especially on the walls of these * ampmlaeeous saof^’ tliat tlw 
iagdlate zooids present themselves. The water drawn-in hy thewr 
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a^ncy i« driven outwards through a system of excnrrent canals, 
ivTiich, uniting into larger trunks, proceed to the oseula or pro- 
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Piftgronnn.at ' Hertioti of Spmifnffa ; — a, suporficiul layer ; 
fif inhalant aiMMlnrcB; r, c.ilnj^ellstcd cluimbers ; rf, eshalant 
osculo ; f, deeper fiubatance of the sponge* 

jocting vents, d , — from each of which, during the active life of the 
Sponge, a stream of water, carrying out excremeutitious matter, 
is continually issuing. The in-current brings into the chambers 
Iwth food-material and oxygen ; and from the manner in which 
<5oloured particles experimentally diiiused through the water 
wherein a Sponge is living, are received into its sarcodic substance, 
it seems clear tliat the nutrition of the entire fabric is the resultant 
of the feeding action of the separate amad>oid and flagellate units, 
each of which takes-in. after its kind, the food-particles brought 
by the current of water, and imparts the product of its digestion 
\>f them to the general sarcodic mass.* 

509. The continuous sarcode-substauce or * cyloblastema ’ that 
(ilothes the skeleton of the Sponge and constitutes its living body, 
includes great numbers of ‘ cytodcs* (§ ^92), in various st^os of 
ilevelopment ; which, like isolated AvKrhtv^ are constantly under- 
gcung changes in fonn and position. Their long slender pseudo- 
}X>dia, radiating towards those of their neighbours, often unite 
together to form a complex network ; and it seems to be by their 
iigmoj, that the continual contractions and expansions of the oscula 
are produced, which are very characteristic pf the living Sponge. 

* This view of the nature fttid living action of Sponffen^ originally suggested 
by Pujftrdiu, was definitely put forth by the lato Prof. H. James-Olark, as the 
result of an admimble st'rics of roscarchos on Sponges and Flagellate Infusoria, 
in ^ Tiansactions of the Boston Society of Natural History for 1868, repro- 
ducedin the ^ Ann. Nat. Hist.’' for the same year. See also his Memoir on 
in ‘♦Amer. Joum. ScL/’1871, pp. 426-436; reproduood in ‘Monthly 
Mturoso* Jouru.‘ Vol. vH. (1872), p. HM,-— His observations havo been sine© 
fully confirmed by Messrs. Carter and Saville Kent ; who have puldisbed a 
suoecarion of Papers in the Annals of Natural Histoiy,^ the general con- 
dusiens of which are embodied in Chap, v* of Mr. S. Kent^ “ Manual of the 
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It woTold thus seem, indeed, as if they combined in themselves the 
fnnctioiis of nerve and mnscle-elements, which are different^ted in 
the higher forms of animal life. Any one of these amooboidH, 
again, detached from the mass, may lay the foundation of a new 
* colony.’ In the aggregate mass produced by its continuoUH 
segmentation, certain globular clusters are distinguishable, each 
having a cavity in its interior ; and the amcnboids that form the wall 
of this cavity become metamorphosed into collared flagellate zooids 
whose liagella project into it. Thus is fonned one of the character- 
istic ‘ ampulloceous sacs which, at first closed, afterwards com- 
munioatea with the exterior, on the one hand, by an ineurreni 
jiassago, and on tlie other with the excurrent canal-system leading 
to the oscula. — Besides this reproduction by ‘ micro-spores,’ there 
is another form of non-scxual reproduction by ‘ macro-spores 
which are clusters of amcobfiids encysted iu firm capsules, fre- 
quently strengthened on their exterior by a layer of spicules of 
very peculiar form. 'J’hose ‘ seed^ike bodies,’ whicli answer to tin* 
encysted states of many Frotojdiytcs, are mot with in the sub- 
stance of the spongd, chiefly iu winter ; and after being set free 
through tlio oscula, they give exit to thoir contained amoeboids, 
each of which may found a now colony.- -A true process of sexual 
generation, moreover, is said to take place in Sponges ; certain 
of the amieboids, like certain cells of Volvtu (§ 240), becoming 
‘ sperm-cclls,’ and developing spermatozoa by the metamorphosis 
of their nuclei ; while others become ‘ germ-cells,’ developing them- 
selves by segmentation (when fertilized) into the bodies known as 
‘ ciliated gemmiilos,’ which arc set free from the walls of the 
canals, swim forth from the vents, and for a time move actively 
through the water. According to Prof. Haeckel, the fertilized 
germ-cells are to bo regarded as true oca, aud the products of their 
segmentation as moi'ulm, which, by invamuation (§ 391), become 
{jastrtdob ; and he argues tliat the whole system of canals and 
ampullaccous sacs is really, like the system of cjanals in the 
Sponge-like Alcyoniuni (§ 529), an extension of the primitive 
gastric cavity; the oscula of Sponges being the undeveloped 
reptesentatives of the pohjiiee of the Zoophyte. — As it is doubtful, 
however, whether the supposed Sponge-Hjicrmatozoa are anytliing 
else than ordinary flagellated monads, and as the development of the 
supposed ovum by nctmeans Ciinfonns to the ordinary goMirexiaijm^ 
the question whether Sponges are strictly Protozoat or are to^ 
regamed as constituting the lowest form of the Mdazoic tyj>e, must 
be considered (in the Author’s opinion) cw5 still an open one.* 

510. The arrangement of the keratose reticulation in the Sponges 
with which we are most familiar, may be best made out by cuttmg 
Hn dices of a piece of Sponge submitted to firm compression, 

• See Chip. v. of Mr. Saville Kent’s “ >Iftiuia1 of the Itifuaoria.,” and Gimp. v. of 
Mr. Bdfoar’s Oomparativo Embryology,” as well as Prof. Haeckel’s important 
work oa tbe Calcareous Sponges. 
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atid viemng these slices, mounted upon a dark ground, with a low 
magnifying power, under incident light. Such sections, thus illumi- 
nate, are not merely striking objects, but serve to show, very 
characteristically, the general disposition of the larger canals and of 
the smaller pores with which they communicate. In the ordinary 
Sponge, the fibrous skeleton is almost entirely destitute of spicules; 
the absence of which, in fact, is one important condition of that 
flexibility and compressibility on which its uses depend. When 
spicules exist in connection with such a skeleton, they are usually 
either altogether imbedded in the fibres, or arc implanted into 
them at their bases, as shown in Fig. J152, a. But smaller and 





A. Portion of Halichondria (?) from Mndagnsrjir, with siliceous 
spicules proiecting from the keratoso network. 

B. Triradlate spicules of Grautia comprnsa^ lying in the midst of its 
cytoblasteiua. 

simpler Sponges, such as Ch'antla, have no homy skeleton ; and their 
smcnles are imbeddt^ in the general substance of the body (Fig. 
tfe2, b). — Sponge-spicules are much more frequently Siliceons than 
Cidoareous; and the variety of forms presented by the siliceous 
spicules is much greater thau that which we find in the compara- 
tively small division in wliich they are composed of carbonate of 
Kme. The long needle-like spicules (Mg. 353), which are extremely 
abumdant in several Sponges, lying close together in bundles, are 
sometimes straight, sometimes slightly curved ; they are sometimes 
pomted at both ends, sometimes at one only ; one or both ends 
may be fumiehed with a head like that of a pin, or may carry 
three or more diverging points which sometimes curve ba^ as 
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to form hooks (Fig. 488, H). When the spicules project from the 
homy framework, they are usually somewhat corned in form, 
and their surface is often 
beset with little spines, 
arranged at regular in- 
tervals, giving them a 
jointed appearance (Fig. 

352, A.). Sponge. spicules 
frequently occur, liow- 
ever, under forms very 
different from the i>re- 
ceding ; some being short 
and many -branched, and 
the branenes being them- 
selves very commonly 
stunted into mere tuber- 
cles (some examples of which type are presented in Fig. 488, a, c) ; 
whilst others are stellate, having a central body with conical 
spines projecting from it in all din'ctions (as at D of the same 
iigure). (Ireat varieties present themselves in the stellate form, 
according to the relative ]>rcdominance of the body and of the rays: 
in those represented in lig. 353, the rays, though very numerous, 
are extremely short ; in other instances the rays are much longer, 
and scarcely any centnd nucleus can be said to exist. The 
varieties in the form of Hponge-spicules are, in fact, almost endless; 
and a single Sponge often presents two or more (as shown in Fig. 
353), the RteUatr. spicules usually occurring either in the inter- 
spaces between the elongated kinds, or in the external crust.* 
The spicules of Sponges cannot be considered, like the raphidett 
of Phints (§ 359), simply as deposits of Mineral matter in a 
crystalline state ; for the forms of many of them are such as no 
mere crystallization can produce ; they generally (at least in the 
earlier stage of their formation) possess internal cavities, which 
contain organic matter; and the calcareous sjucules, whose 
mineral matter can be readily dissolved away by an acid, are 
found to have a distinct animal basis. Hence it seems probable 
that each spicule was originally a segment of saroode, which has 
undergone either calcification or silification ; and by the self» 
shaping power of «?hich, the form of the spicule is mainly 
determine. 

511. There is an extremely interesting 'group of Sponges, in 
which the homy skeleton is entirely replaced by a siliceous frame- 
work of great firmness and of singular beauty of constraction. 

* A mintite Account of the various forras of 6j)icule8 contained in Sponges is 
given by Mr. Bowerliauk in his First Memoir * On the Anatomy and Fbysi- 
ol<^ of the Spongiatlae,’ in “Philos. Transact.,” 1868, pp. 279-38!^; and in 
his “Monograph of the British Spongiade” published by the Ray Society. — 
The Calcareous Sponges have been made by Prof. Haockol the subject of im 
elaborate Monograph, “ Pie KalkschwSmme,*’ Beriin, 1872. ” 
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SPOKOKS AND ZOOPHYTES. 


This framework may be regarded as fundamentally consisting of 
an arrangement of au^rayed spicules, the extensions of which come 
to be, as it were, soldered to one another ; and hence the group is 
distinguished as heximdUite. Of this type the beautiful EupUcteUa 
of the Manilla Seas— which was for a long time one of the greatest 
of xoologicol rariticH, but which now, under the name of ‘ Venus’s 
dower-basket,’ is a common ornament of our drawing-rooms — is 
one of the most characteristic examples. Another example is pre- 
sented by the lloUenia Carpenten, of which four specimens, dredgetl 
up from a depth of 530 fatnoms between the Faroe Islands and the 
North of Scotland, were among the most valuable of tlic ‘ treasures 
of the deep’ obtained duriug tlic first If eep-sea Exploration (1808), 
lurried on by Sir Wyvillc I'liomson and the Author. This is a 
tijmip-ahapetl body, with a cavity in its interior, the circular 
mouth of which is surroiiudt^d with a fringe of elongated siliceous 
spicules j whilst from its base there hangs a sorb of beard of 
siliceous threads, that extend themselves, sometiiiies to a length ol' 
several feet, into the Atlantic mud (§ 480) on which these bodies 
are found. 'I’he framework is much more massive than that ol 
EiiplevielUi, but it is not so exclusively miueral ; for if it be boiled 
in nitric acid it is resolved into separate 8i)iculeH, these being not 
soldered together by siliceous continuity, but held togcth(3r by 
animal matter, llesidcs the regular hexirjidiate spicules, there 
is a remarkable variety of other forms, which have been fully de- 
scribed and figured by Sir Wyville Thomson.* (.)ne of the greateist 
features of interest in this lloltenuif is ite singular resemblance t(» 
the Veniricidltes of the Cretaceous formation (§ 699). Subse- 
mient investigations have shown that it is very widely diffused, and 
tnat it is only one of several Deep-sea forms, inclu(iing several of 
singularly beautiful structure, which are the existing representatives 
of tne old Ventriculite tyj>e. On(i of these was previously known, 
from being occasionally cast-up on the shore of Barbadoes after a 
storm. This IJirtyocalyx jntmtceua has the shape of a mushroom, 
the diameter of its disk sometimes ranging to a foot. A small 
l)Ortion of its reticulated skeleton is a singularly beautiful object, 
when viewed witli incident light under a low magnifying power. 

512. With the ex<;eption of the genus Sponyilla, all known 
Sponges are marine ; but they differ very much in habit of growth. 
For wnilst some can only be obtained by dredging at considerable 
deptliB, others live near the surface, whilst others attach them- 
selves to Hie surfaces of rocks, shells, &c., between the tide-marks. 
The various species of (trautia, in which, of all the marine Sponges, 
the flagellate zooids can most readily be obseiv^ed, belong to this 
la^ category. They have a peculiarly simple structure, each 
being a sort of bag whose wall is so thin that no system of canals 
is r^uired; Hie water absorbed by the outer surface passing 

* See his elshomte Memoir ia “ Philos. Ti-anaact,” 1870 : aad his “DaotUs 
ef the Sea'* p. 71. 
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directly towards the inner, and bein.g expelled by the month of the 
ha^. The flagella may be plainly distinguished with a l-8th inch 
objective on some of the cmls of the gelatinous substance scraped 
from the interior of the bag ; or they may be seen in by 
making very thin transverse sections of the substance of the sponge. 
It is by such sections alone that the internal structure of Sponges, 
and the relation of their spicular and homy skeletons to their 
fleshy substance, can be demonstrated, 'rhey are best made by 
the imbedding process (§§ 181), 190). — In order to obtain the splrnleit 
in an isolated condition, the animal matter must be got*rid-of, 
either by incineration, or by chemical reagents. The latU^r metliod 
is preferable, as it is difficult if) free the miueral resiiluo from car- 
bonaceous particles by beet alone. If (as is commonly the case) 
the spicules are the Sponge may be treated with stroijg 

nitric or nitro-niuriatic a<hd, until its animal substance is dis- 
solved away ; if, on the other band, they be caUareom, a strong 
solution of potass may be employed inst(jad of the acid. Iffie 
operation is more rapidly accomplished by the aid of heat ; but if 
the saving of time bo not of importance, it is }>referable on several 
accounts to dispense %vitli it. The spicailes, when obtained in a 
separate stat(% shoukl be mouutt^d in ('aiiada balsam, — Sponge- 
tissue may often be distinctly recognized in sectious of Agate, 
Chalcedony, an<l otlier siliceous concretions, as will bo more fully 
stated hereafter (§ 099). 


ZoopiniEs. 

513. Tinder the general designation Zooplnjics it will be still con- 
venient to group those animals which form composite skeletons 
or ‘ polyparies’ of a more or less plant-like character ; associating 
with them the AcaJepliM, which are now known to be the ‘ sexual 
zooids’ of Polypes (§ 518) ; but excluding the Polyzoa (Chap, xv.) 
on account of their truly Molluscoid structure, notwithstanding 
their Zoophytic forms and habits of life. The animals belonging 
to this gi’oup may be considered as formed upon the primitive 
yasirtila type (§ 391): their gastric cavity (though sometimes 
extending itself almost indefinitely) being lined by the original 
cndodfTtn, and their siwlacc being covered by the original ectoderm ; 
and these two lamellae not being separated by the mterjKJsition of 
any body-cavity or ccpIojh, It is a fact of great int^erest, that 
altnongh the product of the development of a morula is here a dis- 
tinctly individWlized Polype, in wmch several mutually dependent 
parts make up a single organic whole, yet that these parts still 
retain much of their independent Protozoic life ; which is mani- 
fested in two very remarkable modes. In the first place, the di^s- 
tive sac is observed to be lined by a layer of amenboid colls, which 
send out pseudopodial prolongations into its cavity, by whose 
agency (it may be pretty certainly affirmed) the nutrient material is 

B B 
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fir«t introdncod into the body-sub«d:ance. This was first noticed by 
Prof. Allman in the beantifnl Hydroid polype Myriothela ;* the like 
has been since shown by Mr. Jeficry Parker to be tme of the ordinary 
and Prof. E. Kay Lankester has made the same observa- 
tion tmon the cnrions little Medusa lately found in a fresh-wattyi' 
tank.J (It may be mentioned in this connexion, that Metschnikoff 
has seen the cells which line the alimentary canal of the lower 
Planarian worms gorging themselves with coloured food-particles, 
exactly in^ the manner of Ama^hui ). — The second ‘ survival* of 
Protozoic independence is shown in the extraordinai^ power pos- 
sessed by Hydra, Acfinia, &c.., to reproduce the entire organism 
from a mere fragment SIT)). — This great division includes the two 
principal groups, the fTYniiozoA and the Aci’inozoa ; the former 
conmrehending the Pohfyes, an<l the latter the Anemonies. In the 
drozoa there is no separation between the digestive cavity and 
the external body-wall; and the reproductive organs arc external. 
In the Actinozoa the wall of the digestive sac is separated from 
the external body-wall by an intervening spnee, which communi- 
cates with it, and must bo regarded as an extension of it ; and this 
is subdivided into chamliers by a Reries of vertical partitions, to 
which the reproductive organs arc attached. — As most of the 
Hydrozoa or Hy(lroi(l Polypes are essentially Microscojuc animals* 
they need to be described with some minuteness ; whilst in regard 
to the Actinozoa those points only will be dwelt-on, which are of 
special interest to the Microscopist. 

614. Hvdkozoa. — T he type of this group is the Ifydra or fresh- 
water polype, a very common inhabitant of pools and ditcbcvS, where 
it is most commonly to be found attached to the leaves or stems of 
aquatic plants, ; floating pieces of stick, &c. Two species are 
common in this country, the IT. viridis or green Polype, and the 
H, vulyarie, which is usually orange-brown, but sometimes yellowish 
or red (its colour being liable to some variation according to the 
nature of the food on which it has been Bubsiating) ; a third less 
common species, the If. f-nscay is distinguished from both the pre- 
ceding by the length of its tentacles, which in the former are 
scarcely as long as the liody, whilst in the latter they are, when 
fully extended, many times longer (Fig. 354). The body of tbe 
Hydra consists of a simple bag or sac, which may be regarded as a 
Stomach, and is cnpablo of varying its shape and dimensions in a 
rerj remarkable d(‘gree ; sometimes extending itself in a straight line 
so as to form a long narrow cylinder, at other times being seen (when 
empty) as a minute contracted globe, whilst, if distended with food, 
H may present the form of an inverted flask or bottle, or even of a 
button. At the upper end of this sac is a central opening, the 
mouth ; and this is surrounded by a circle of tentacles or * arms/ 
ttSUaUy from six to ten in number, which are arranged with great 

• « Philos. Transact.,” 1875, p. 652. 
f « Proceed, of Eoy, Soc.,*’ Vol. xxx. (1880), p, 61. 
t Quart. Jemm. Microsc, 8ca„” VoL xx (1880), p. 87L 
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regularity around the orifice, body ia prolonged at its lower 
end into a narrow base, which ia furnished with a suctorial disk ; 
and the Hydra usually attaches itself by this, while it allows its 
tendril-like tentacles to 

float freelv in the water. ^ __ 

The wall of the body is 

composed of cells imbedded 

in sarcode-Hubstance ; and 

between its two layers I / 

there is a space cliielly f J / I 

occupied by nn differentiated \ .V ’i ” 

earcode, having many ‘vacii- \ / W 

oles’ or ‘lacunm’ (which QJ \'^j f t J \/^”5 

often seem to comm nnicato \ \ jj iu | 

with one an other) excavated / ' f I t \ i v I 

in its substance. 'Jlie arms j\ jl \ jf i; \J% | 

materials as the body : but } I \ \\ ji ) li J 

their surface is be.set with \ \ jj |;;f ^ jj ] 

little wart-like prominences, \ 1 Vj i? tAT 

which, when carefully exa- I ' /; jj jjf 

mined, are found to be com- i j: H fj /';V/ /// 

posed of clusters of ‘thread- ' \ jit/ (4' 

cells/ having a single large ^ 

cell with a long sniculum 

in the centre of eacli. 'I’he > } 

structure of these thread- | Wj 

cells or ‘ nrti eating organs’ | Mf N 

will be described hereafter H| ^ ) 

(§ »528) ; at present it will / 

be enough to point-out that ^ 

this apparatus, repeated , H 

many times on each ten- P 

tacle, is doubtless intended ! m 

to give to the organ a great lg| S 

prehensile power; the 
minute filaments forming 
a rough surface adapted 

to prevent the object from Hydra fanen, with a young bud at 6, and a 
readily slipping out of more advanced bud at c. 

the grasp of the arm, . ^ 

whilst the central spicule or ‘ dart’ is projected into its substance, 
probably conveying into it a poisonous fluid secreted by a vesicle 
at its base. The latter inference is founded upon the oft-re- 
peated observation, that if the living prey seized by the tentacles 
have a body destitute of hard integument, as is the case with the 
minute aquatic Worms which constitute a large part of its aUment, 
this speedily dies, even though, instead of being swallow^, it 
escapes from their grasp; whilst, on the other hand, minute 

E a 2 
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Hutotnostraca, Insects, and other animals with hard envelopes, may 
escape without injury, even after having been detained for some 
time in the polyi)e’8 embrace. The contractility of the tentecles 
(the interior of which is traversed by a canal that communicates 
with the cavity of the stomach) is very remarkable, especially in 
the Hydra fmr.a ; whose arms, when extended in search of prey, 
are not less than seven or eight inches in length : whilst they are 
sometimes so contracted, when the stomach is filled with food, as 
to appear only like little tubercles around its entrance. By means 
of these instrumentH the Hydra is enabled to draw its support from 
animals whose activity, as compared with its own slight powers of 
locomotion, might have been su|)f)Ovsed to remove them altogether 
from its reach; for when, in its movements through the water, a 
minute Worm or a Water-doa liappens to touch one of the tentacles 
of the Polype, spread-out as these are in readiness for prey, it is 
immediately seized by this, other arms are soon coiled around it, 
and the unfortunate victim is speedily convoyed to the stomach, 
within which it may frequently be seen to continue moving for 
some little time. Soon, however, its stxmggles cease, and its outline 
is obscured by a turbid film, which gradually thickens, so that at 
last its form is wholly lost. The soft parts are soon completely 
dissolved, and the harder indigestible portions are rejected through 
the mouth. A second orifice has been observed at the lower 
extremity of the stomach ; but this would not seem to be pro- 
perly regarded as anal, Kince it is not used for the discharge of 
such exuvifc ; it is probabl}^ i-ather to be considered as repre- 
senting, in the Hydra, the entrance to that ramifying cavity, 
which, in the Compound 1 Tydnr.ou,' hr into mutual connexion 
the lower extremities of the stomachs of all the individual polypes 
(Plate XX ). 

f>15. The ordinary mode of re]>rod action in this animal is by a 
‘gemmation’ resembling that of Idants. Little bud-like processes 
(Fig. 354, b, <•) develope<l from its external surface gradually come 
to resemble the parent in character, and to possess a digestive sac, 
mouth, and tentacles ; for a long time, however, their cavity is con- 
nected with that of the parent, but at last the communication 
is cut-off by the closure of the canal of the foot-stalk, and the young 
polypequits its attachment and goesinquestof its own maintenance. 
A second generation of buds is sometimes Sbserved on tlie young 
polype before quitting its parent ; and as many as nineteen young 
Hydrm in different stages of development have been seen thus con- 
nected with a mngle original stock (Fig. 355). This process takes 
place most rapidly under the influence of warmth and abundant 
food ; it is usually suspended in winter, but may be made to con- 
tinue by ketiping the polypes in a w'arm situation and well supplied 
with food. Another very curious endowment seems to depend on 
the same condition—the extraordinary power which one portion 
pOftsessee of reproducing the rest. Into whatever number oi parts 
a Jfjfdra may be divided, each may retain its vitality, and give 
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origin to a new and entire fabric *, so that or fo’tiy individuals 

may be formed by the section of one. — The Hydra also pro|>agates 
itself, however, hj a truly sexual process; the fecundating 
apparatus, or vesicle producing ‘ sperm-cells,* and the ovum 
(containing the * germ-cell,’ 

imbedded in a store of nutri- Pio 3:15. 


ment adapted for its early 

development) being both ''***®^^ 

evolved in the substance of \ 

the walls of the stomach — I 

the male apparatus forming I 

a conical projection just be- ^ 

neath the arms, while the 

female ovary, or ^portion of 

the body-substance in which 

the ovum is generated, has '||j; 1 ;.] 

the form of a knol) protrud- 

ing from the middle of its 

length. It would app<‘ar that ,V { t p ;■ 




length. It would api><‘ar that ; { 

sometimes one individual ; 

Hydra developes only the 
male cysts or sperm • ctdls, 
while another dovelo])es only 
the female cysts or ovisacs; 
hut the general rule seemH 
to be that the same indivi- 
dual forms both organs. 
fertihzation of the ova, how- 
ever, cannot take-place until 
after the ruptun^ of the sjjcr- 
matic cyst and of the ovisac, 
by which the cont^mts of 
both are set entirely free 
from the body of the pa- 
rent. — The autumn is the 
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Hydra f men in gcimuation ; «, mouth; 
6, base ; <•, origin of one of tlio buds. 


chief time for the development of the sexual organs; but 
they also present themselves in the earlier part of the year, 
chiefly between April and July. According to Ecker, the 
eggs of JL vtridi^'^produced early in the season, run their 
course in the summer of the same year ; while those produced 
in the autumn, pass the winter without change. When the 
ovum is nearly ripe for fecundation, the ovary bursts its ecto- 
dermal covering, and remains attached hy a kind of pedicle. It 
seems to be at this stage that the act of fecundation occurs; a 
very strong clastic shell or capsule then forms round the ovum, 
the surface of which is in some cases studded with spine-like 
points, in others tuherculated, the divisions between the tubercles 
t>eing polygonal. The ovum finally drops from its pediclCf and 
attaches iuself by means of a mucous secretion, till the hatching ol 
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the yoting Hydra, which comes forth provided with four nidimeii* ** 
tary teazles like buds. — ^The Hydra possesses the power of free 
locomotion, being able to remove from the spot to which it has 
attached itself, to any other that may be more suitable to its wants ; 
its changes of place, however, seem rather to be performed under 
the influence oi Ughfj towards which the Hydra seeks to move itself, 
than with reference to the search after food * 

616. The Compound Ilydroith may be likened to a Hydra whose 

gemmae, instead of becoming detached, remain pennaneutly con- 
nected with the parent ; and as these in their turn may develope 
gemmae from their own bodies, a structure of more or less 
arborescent cliaractcr, termed a may be produced. The 

form which this ^ill present, ami the relation of the component 
polypes to each other, will depend upon the mode in which the 
gemination takes-i)laco : in all instances, however, the entire cluster 
IS produced by continuous growth from a single iudividu.'d ; and the 
stomachs of the several po]yj)es are united by tubes, which proceed 
from the base of each, along the stalk and briiiiehes, to communicate 
with the cavity of the central stem. Whatever may be the form 
taken by the shjm and branches constituting the polypary of a 
Hydroid colony, they will be found to be, or to contain, fleshy tubes 
having two distinct layers ; the inner (endoderm) having nutritive 
functions ; the outer (cctodenn) usually secreting a hard cortical 
layer, and thus giving rise to fabrics of various forms. Between 
these a muscular coat is somotimes noticed. 'I’he fleshy tube, 
whether single or compound, is called a caenitsarc ; and through it 
the nutrient matter circulates. The ‘ zooids,* or individual mem- 
bers of the colony, arc of two kinds: one, the jwl yp it c, or rdintentimj 
zooid, resembling the Hydra in essential structure, and more or 
less in as|>ect ; tno other, the yoaozooid, or se^mal zooid, developed 
at certain seasons only, iu buds of j)articular shape. 

617. The simplest division of the Hydroida is that adopted by 
Mr. Hincksjf who groups them under the sub-order Athecata and 
Theeata, the latter being again divided info the Thecaphora and 
iiis Gy mnovhroiu In the first, neither the ‘ polypites’ nor the sexual 
zooids bear true protective cases ; in the second, the polypites are 
lodged in cells, or, as Mr. Hincks prefers to call them, calycles, 
many of which resemble exquisitely formed crystal cups, variously 
ornamented, and sometimes furnished with li(Js or opercula ; in the 
third, which contains the Hydras, there is no polypary, and the 
reproductive zooids (gonozooids) are always fixed and developed in 
the body- walls. According to Mr. Hincks, the two sexes are some- 
time* borne on the same colony, but more commonly the zoophyte 

• A very full account of tbe stmeturo and development of Hydra has 
recently boon published by Kleinonbergj of whose admirable Monograph a 
KUmmaiy is ^ven by Prof, Allman, with valuable remarks of his own, in 

** Quart Jonm. Mlcrosc. Set,,” N.S , Vol. xiv. (1874), p, 1. Hee also the important 
Paper by Mr, Jeffery Parker already cited. 

t *<mstoryof British Hydroid Zoophytes,*’ 1866, 
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ia dicBcious* The cases, however, are much less rare than hag 
been supposed, in which both male and female arc mingled on th^ 
some shoote. The sexual zooids either remain attached, and dis* 
charge their contents at maturity, or become free and enter upon 
an independent existence. The free forms nearly always take the 
shape of Medustn (jelly-fish), swimming by” rhythmical contractions 
of their bell or umbrella. The digestive cavity is in the handle 
(manubrium) of the bell ; and the generative elomonts (snerm-cells 
or ova) are developed either between the membranes of tne manu- 
brium, or in special sacs in the canals radiating from it. The 
ova, when fertilized by the spermatozoa, undergo ‘ Rcgraentation* 
according to the ordinary type (§ 581), the whole yolk-mass sub- 
dividing successively into 2, 4. 8, 16, 32 or more parts, until a 
‘mulberry mass’ is formed; this then begins to elongate itself, its 
surface being at first smooth, and showing a transparent margin, 
but afterwards becoming clothed with cilia, by whoso agency these 
little plantdoi, closely resembling ciliated Infusoria, first move 
about within the cnpsule, and then swim forth freely when liberated 
by the opening of its mouth. At this period the embryo can be made 
out to consist of an outer and an inner layer of colls, with a hollow 
interior; after some little time the (ulia disappear, and one extre- 
mity becomes expanded into a kind of disk by which it attaches 
itself to some fixed object ; a month is formed, and tentacles sprout 
forth around it; and the body increases in length and thickness, 
so as gradually to acquire the likeness of one of the parent 
polypes, after which the ‘ polypary’ characteristic of the genus 
18 gradually evolved by the successive devcloimient of polype- 
buds from the first-formed polype and its subsequent onsets. — 
The Medusm of those polypes (Fig. 358) belong to the division 
called * naked-eyed,’ on account of the (supposed) eye-spots 
usually seen surrounding the margin of the bell at the base of the 
tentacles. 

518. A characteristic example of this production of Medusa-lilce 
‘ gonozooids’ is presented by the form termed Syncoryne Sardl 
(Fig. 350) belongmg to the sub-order Athecafa.. At a is shown the 
alimentary zooid, or poly pi t(}, with its tentacles, and at B the 
successive stages h,, 5, c, of the sexual zooids, or medusa-buds. 
When sufficiently developed, the medusa swims away, and as it 
grows to maturity enlarges its manubrium, so that it hangs below 
the bell- The medusae of the genus Byucorym (as now restricted) 
Imve the form named Sarsia in honour of the Swedish naturalist 
Sars. Their normal character is that of free swimmers ; but Agassiz 
ascertained that in some cases, towards the end of the breeding 
season, the sexual zooids remain fixed, and matxire their products 
while attached to the zoophyte.* This condition of the sexual 
zooids is very common amongst the Hydroida ; and various inter- 
mediate stages may be traced in different genera, between the 


• Iliijcks, op. city p. 49. 
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mode in •wbioli the gonozooids ate prodnced in the common Hydra, 
as alrea^ desctibM, and that of Syncoryne. In Ttihularia the 
gonojtooias, thongh permanently attached, arc furnished witli 
swimmiDg hells, having four tnbercles representing marginal 

tentacles. A common and 
Fio, E5G. , interesting species Tnbn- 

lit mi indivUa receives its 
yTlf 8i>ecific name from the infre- 

queucy with which branches 
Q given-oil from the stems, 
1 I these for the m oat part stand- 
ing erect and j>arallel, liho 
tile stalka of corn, upon the 
I i>iise tt> wliich they are 

jjj attached. This beautiful 

jj Zoophyte, which sometimes 

jjl growsbetween the tide-marks, 

II) i)ut is move abundantly ob* 

^ P Ij tainod by dredging in deep 

AV I water, often attains a size 

which renders it scarcely a 
microscopic object ; its stems 
l»eing sometimes no less than 
^ a foot in height and a lino 

^ in <lianu‘tor. Several curioua 

^ phenomena, however, are 

brought into view by Micro- 
seopic examination. The 
Tolype- stomach is connected 
with the cavity of the stem 
by a circular oj>Gning, which 
is surrounded by a sphincter ; 
111 ainl an alternate movement 

'jV of dilabitiou and contraction 

Development of Meduea-l.mk in %«- <"te8-})lae<. in it, fluid being 
au ordinary polypo, apparently forced - Up from 
with its clulKshajH'd body covered with l^elow, and then expelled 
^n^les : — ji, a polype putting forth again, after which the 
M«du8otd gemra®; «, a verj' young bud; sphincter closes in prepara- 
fr, a bud more advanced, the cjuadraniriilar 4- ^ ^ 

form of which, with the fournindei whence ^ recurrence ot the 

the cirrhi afterwards spring, i« ahown at op^^ration ; this, as observed 
c, a bud still more advauccd. by Mr. Lister, being repeated 

at intervals of eighty seconds. 
Besides the foregoing movement, a regular flow 'of fluid, carrying 
yrith it solid particles of various sizes, may be observed along the 
whole length of the stem, passing in a somewhat spiral direction. — 
ft is worthy of mention here, that when a Tuboiaiia is kept 
in oonflnement, the polype-heads almost always drop-oif after a 
few days, but are soon renewed again by a new growth the 
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stem beneath ; ani^his exuviation and Tegoneration may take place 
many times in the same individual.* 

519. It is in the Families OampaMularida and SeiiulaHda 
(whose polyparies are commonly known as * corallines'), that the 
homy branching fabric attains its complotest development ; not 
only affording an investment to the stem, but forming cups or 
cells for the protection of the polypites, as well as capsules for the 
reproductive gonozooids. Both these families thus belong to the 
8ub-order Thccafa. In the Oatnpamdarida the polype-cells are 
campanulate or bell-shaj^ed, and are borne at tbe extremities of 
ringed stalks (Plate xx., c); in the t^ertnlarldiii on the other hand, 
the polype-cells lie along the stem and branches, attached either to 
one side only, or to both sides (Pig. 357). In both, the general 
structure of the individual polypes (Plate xx., d) closely corresponds 
with that of the Hydra ; and the mode in which they detain their 
food is essentially the same. Of the products of digestion, however, 
a portion finds its way down into the tubular stem, for the nourish- 
ment of the general fabric ; and very much the same kind of 
circulatory movement can be seen in Ganipautdaria as in Tubulana, 
the circulation being most vigorous in the neighbourhood of growing 
parts. It is from the ‘ cccnosarc’ (/) contained in the stem and 
branches, that new poly 2 )e'buds {h) are evolved ; those carry before 
them (so to speak) a portion of the horny integument, which at 
first completely invests the bud; hut as the latter acquires the 
organization of a polype, the cast* thins away at its most prominent 
part, and an opening is f of mod through which the young polype 
protnides itself. 

520. The origin of the reproductive ca])Bules or * gonothecoo* i^c) is 
exactly similar ; but their destination is very different. Within 
them arc evolved, by a budding process, the generative organs of 
the Zoophyte; and these in the Gampanularida may either 
develope themselves into the form, of independent Mediisoids, 
which completely detach themselves from the stock that bore 
them, make their way out of the capsule, and swim-forth freely, to 
mature their sexual products (some developing sperm-cells, and 
withers ova), and give origin to a new generation of polypes ; or, in 
cases in which the Medusoid stractnre is less distinctly pronounced, 
may not completely detach themselves, but (like the flower-buds of 
a Plant) expand one ^fter another at the mouth of the capsule, 
withering and dropping-off after they have matured their genera- 
tive products. In the Sertularida, on the other hand, tbe Medusan 
conformation is wanting, as the gonozooids are always fixed ; the 
reproductive cells (Fig. 357, a), which were shown by rrof. Edwai^ 
Forbes to be really metamorphosed branches, developing in their 
interior certain homes which were formerly supposed to be ova, but 
which are now tknown to be * medusoids’ reduced to their most 
rudimentary condition. Within these are developed, — ^in sepaarate 

** The BrUish TubtUarida form the subject of a most complete and beautifttl 
Monograph by i*rof. Allman, published by the Kay Society. 
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goaothecas, Bometimes perhaps oa distinct polyparies, — sper- 
auitossoa and ova ; and the latter are fertili’ied by the entr^ce ol‘ 

the lormcr whilst still 
Fig, 857. * contmned withia the^ 

J capsules. The ferti- 

lized ova, whether pro- 
duced in free or in at- 
tached modusoids, de- 
vel(j]x} tliemselves^ in 
the first instance into 
' ciliated ‘ gcmmules,’ 

,/ a which soon evolve 

i themselves into true 

/ p(>lyi)eH, from every 

J one of* which a new 
com])osite polypary 
may spring. 

t)21. There are few 
parts of our coast 
which will not supply 
\ j I some or other of the 

r / beautiful and inte- 

1 / t resting forms of Zoo- 

I J phytic life which have 

been thus briefly no- 
‘ ticed, without any 
r more trouble iueearch- 

them than that 

3 If of examining the aiir- 

^ ^ ^ '« faces of rocks, atones, 

Stiinluvia i ushut ' — A, itaf unil yizi* ; Rca- weeds, and dead 

u, janium lunguiiiL'tl. shells between the 


tide-marks. Many of 
them habitually live in that situation ; and others are frequently 
castrUp by the waves from the deejior waters, osjx^cially after a 
storm. Many kinds, however, can only bo obtained by means of 
the dredge. For observing them during their living state, no means 
is so convenient as the Zoophyttj-trough (§ T24). — In mounting 
Compound Hydrozoa, as well as J^olyzoa, it will be found of great 
advantage to place the sjxicimeus alive *ia the cells they are 
permanently to occupy, and to then add Osmic acid drop by drop 
to the sea-water ; tbis has the effect of causing tlie protrusion of 
the animals, and of rendering their tentacles rigid, 'fhe liquid may 
he withdrawn, and replaced by Goadby’s solution, Deane^ 
Gelatine, Glycerine jelly, weak Spirit, diluted Glycerine, a mixture of 
Spirit and Glyeeiine with sea-water, or any other menstrutim, by 
means of the Syringe ; and it is well to mount specimens in 
several different meiastrua, marking the nature and strength of 
each, as some forma are better preserved by one and some by 



ZOOPHYTIC DEVELOPMENT OP MEDUSJE. 


m 


another.* The size of the cell must of course be proportioned to that 
of the object ; and if it be desired to mount such a 8|>ecimen as may 
serve for a characteristic illustration of the mode of growth of the 
species it represents, the large shallow cells, whose walls are made by 
cementing four strips of glass to the plate that forms the bottom 
(§ 174), mil generally be found preferable. — The homy polyparies 
of the Sertidarida-, when mounted in Canada balsam, are beautiful 
objects for the Polariscopo ; but in order to prepare them success- 
fully, some nicety of management is required. The following are 
the outlines of the method recommended by Dr. Golding Bird, who 
very successfully practised it : — The specimens selected, which 
should not exceed two inches in length, are first to be submitted, 
while immersed in water of 120°, to the vacuum of an air-pump. 
The ebullition which will take-place within the cavities, will have 
the effect of freeing the polyparies from dead polypes and other 
animal matter; and this cleansing process should bo repeated 
several times. The specimens are then to be dried, by first draining 
them for a few secouds on bibulous })aper, and then by submitting 
them to the vacuum of an air-)nimp, within a thick earthenware 
ointment-pot fitted with a cover, which has been previously heated 
to about 200° ; by this means the specimens are very quickly and 
completely dried, the water being evaporated so quickly that the 
cells and tubes hardly collapse or wrinkle. The specimens are then 
placed in camphine,aad again subjected to the exhausting prooess, 
tor the displacement of the air by that liquid ; and when thw have 
been thoroughly saturated, they should bo mounted in Cfanada 
balsam in the usual mode. When thus prepared, they become very 
beautiful transparent objects for 


low magnifying powers ; and they 

present a gorgeous display of u -o . 

colours when examined by Polar- 

ized light, with the interposition ^ 

of a plate of Selenite, the effect x - 

being much enhanced by the use of / 

Black-ground illumination. i d 

522. No result of Microscopic 
research was more unexpected than 
the discovery of the close relation- ^ 
ship subsisting betwegn the Hy- 
droid Zoophytes and the Medusoid 
Aealeidim (or ‘jelly-fish’). We* 
now know that the small free- tentacloi.1 6 , stomaoh; c, 
swimming Medusoids belonging to vascular canals, having the ovaries, 
the ‘ nak^-eyed ’ group, of which d d, on either side, and terminating 
Thaumantias (Fig. B58) may be marginal caual, e «. 
taken as a representative, are really 

to be considered as the detached sexual apparatus of the Zoophytes 


* ii»K«u-eyea alcuusss ; — a 
' tentacles ; 6, stomach ; c, 


♦ See Mr. J. W. Morris in Quart Joum, of Microsc. Science,” K.&L,VoLfi. 

(1862), p. 116. 
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from they have been budded-off, endowed with indepen- 

dent organe of nutrition and locomotion, whereby they become 
capable of maintaining their own existence and of developing their 
sexual products, ^fhe general conformation of these organs will 
be understood from the accompanying figure. Many of tliis group 
are very beautiful objects for Microscopic examination, being small 
enongb to be viewed entire in the Zoophyte-trough. There are 
Jew parts of the coast on which they may not bo found, especially 
on a calm warm day, by skimming the surface of the sea with the 
Tow-nct (§ 217); and they are capable of being stuiued and pre- 
served in cells, after beiiig hardened by osmic acid. 

523. The history ol the large and highly-developed or 

AcALEriii^. which are commonly known as ‘ jelly-HHii/ is essentially 
similar ; for their progeny have been ascertained to develope them- 
selves in the first instance under the Pol>q>e-form, and to leatl a life 
which in all easential respects is zoophytic ; their development into 
Modustn taking- plae(‘ only in the closing phase of their existence, 
and then rather by gemmation trom the original )>olype, than by a 
inetamorjihosis oi its own fabric. The Inige lihizosf oma found 
commonly swimming round our coasts, and the beautiful Chrymora 
remarkable lor its long ‘furbelows’ which act as organs oi pre- 
hension, are ()(’eanie Acalephs developed from very small polypitos* 
which fix themselves by a basal cun or disk. The embryo emerges 
from the cavity of its parent, witliiu which the first stages of its 
dovelojimcnt have taken ]>la(‘o, in the condition of a ciliated ‘ gem- 
rniile,* of rather oblong form, ^erv closely reseinbling an Infusory 
Animalcule, but destitute of a mouth. One end soon contracts 
and attaches itselt, however, so as to form a foot ; the other en- 
larges and opens to lorin a mouth, four tubercles sprouting around 
it, which grow into tentades ; whilst the central cells melt-down 
to fonn the cavity of the stomach. Thus a Hydra-like |X)lype is 
formed, which soon acquires many additional tentacles ; and this, 
aceoidiu^ to the observations of Sir .f. G. DalycU on the Hydm 
fuha^ which is the polype-stage of the Chnjsaora, leads in every 
important particular the life of a Hydra ; propagates like it by 
repeated gemmation, so that whole colonies are formed as offsets 
from a single stock ; and can bt^ multiplied like it by artificial 
division, each segment developing itself into a perfect Hydra. 
There seems to be no definite limit to its continuance in this state, 
or to its power of giring origin to new polype-buds ; but when the 
time comes for tin* development of its sexual gonozooids. the polype 
(mits its original condition of a minute bell with slender tentacles 
(og. 359, c, fr), assume.s a cylindrical form, and elongates itsdf 
considerably ; a constriction or indentation is then seen around it, 
just below the ring which encircles the mouth and gives origin to 
the tentacles ; and similar constrictions are soon repeated round 
the lower parts of the cylinder, so as to fjive to the whole body 
somewhat the appearance of a rouleau of coins (Fig. 359, a.) ; a sort 
of fieshy bulb, somewhat of the form of the original polype, being 
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still left at the attacKed extremity. The number of tdrclee ia in- 
dehnite, and all are not formed at once, new constrictions appear- 
ing below, after the upper 

portions have been dc- Fia. 3r>i>. 

toched ; as many as 30 or 
even 40 have thus been 
produced in one spcci- 
men. 'Phe constrictions 
then gradually deepen, so 
as to divide the cylinder 
into a pile of saucer-hke 
bodies ; the division being 
most complete above, anti 
the upper disks usually 
presenting some increase 
in diameter; and whilst 
this is taking place, the 
edges of the disks become 
divided into ]o})es (ji). 
each lobe soon presenting 
the cleft with the bu}>- 
posed rudimentary eye at 
the bottom of it, which is 
to be plainly seen in the 
detached Medusai (Fig. 

360, c). Ut) t^) this period, 
the tentacles of the oiigi- 
nal ixdype sunnouut the 
highest of flu* disks ; but 
beiore the detachment of 
the topmost disk, this 
circle disappears, and a 
new one is developed at 
the summit of the bulb 
which roraains at the bast* 
of the pile (c, c). At last 
the topmost and largest 
disk begins to exhibit a 
sort of convulsive 
struggle; it becomes de- 
tached, and swims freely away ; and the same scries of changes 
takes-place from above downwards, until the whole pile of disks is 
detached and converted into free-swimming Mfidusje. But the 
original polypoid body still remains, and may retuni to its original 
polype-lixe mode of gemmation (i), o ) ; becoming the progenitor 
of a new colony, every member of which may in its turn bud-off 
a of Medusa-disks. 

524. The bodies thus detached have all the essential characters 
of the adult Medusm, Bach consists of an umbrella-like disk^ 




ffuccessivo stagtig A, n, c, n, of dcvolopni^'iit 
(»f ('hrtjmutra : — «, elongated and coustrictiid 
Tolype-body ; h, its original circle of fcen- 
tuclcs; c, its secondary circle of tentiiclefl ; </, 
}»robo8ci8 of most advanced Hedusa-diskj e, 
polype-bud from side of p()lyp<‘.body. 
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divided at its edj^ into a variable number of lobes, usu^y eight ; 
and of a stomach, wliich occupies a conBiderable proportion of the 
disk, and projects downwards in the form of a proboscis, in the 
centre of which is the quadrangular mouth (Fig. 360, a, u). As 
the animal advances towards maturity, the intervals between the 


Fio. 360. 



Development of Chrfimom fnmi Jhjdra tuhr — a, dotacliod individual 
viewed side ways, and oiilargfd, showing tho [)rol)osrjH q, and b the 
bifid lobes ; li, individual «een fn»m above, ehovving the bifid lobes of 
the niiirgin, and the (juadrilaternl mouth ; c, one of the bifid lobes sfill 
more enlarfr<'d, shiovir»g^ the rudimentary eye (?) at the Imttom of the 
cleft; j», group of young Medusa?, as seen bwimniing in the waUr, of 
tUo natural size. 

segments of the border of the <liak gradnally fill-up, so that the 
divisions are obliterated: tubular prolougalions of the stomach 
extend themselves over the disk ; and from its borders '^ere sprout 
forth tendril-like filaments, which hang down like a fringe around 
its margin. From the four angles of the mouth, which, even in the 
youngest detached animal, admits of being greatly extended and 
protruded, prolongations are put forth, which form the four large 
tentacles of the adult. The young Medusas are very voradous# 
and grow rapidly, so as to attain a very large size. The Cyanem 
and ulifjfmorm, which are common all round our coasts, often have 
a diameter of from 6 to 15 inches ; while the EhuoRtoiw^ sometimes 
reaches a diameter of from two to three feet. T^e quantity of 
solid matter, however, which their fabrics contain is extremely 
tmalL It is not until adult age has been attained, that the generative 
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organs make their appearance, in four chambers disposed 
around the stomach, wnich are occupied by plaited membranous 
ribands containing sperm-cells in the male and ova in the female ; 
and the embryoes evolved from the latter, when they have been 
fertilized by the agency of the former, repeat the extraordinary 
cycle of phenomena which has been now described, developing 
tnemselves in the first instance into Hydroid Polypes, from wnich 
Medusoids are subsequently hudded-off‘. 

525. This cycle of phenomena is one of those to which the term 
* alternation of generations* was applied by Stcenstrup,'**' who 
brought together under this designation a number of cases in 
which generation a docs not produce a fonn rcsemhliug itself, 
but a different form, « ; whilst generation is gives origin to a fonn 
which does not resemble itself, hut returns to the form a, from 
which li itself sprang. It was early pointed out, however, by 
the Author, t that the term ‘ alternation of generations’ does not 
appropriately represciit the facts either of this case, or of any of 
the other cases gron],>ed under the same category: the real fact 
beinj^ that the two organisms, a and h, constituto two stages in 
the life-history of (O/c ijwo.raiion ; and the production of one form 
from the other being in only one instance by a truly generative 
or sexual act, whilst in the other it is by a process of grruination or 
budding. Thus the Mnlmtie of both orders (the ‘ naked-eyed’ and 
the ‘ covered-eyed’ of Forbes) are detached fiower-buds, so to speak, 
of the Tlydroul Zoophytes which hud them off; the Zoopnytio 
phase of life being the most conspicuous in sucli Thecnta as Cam* 
pamdarida and Hertnlarida, whose Medusa-buds are of small size 
and simple conformation, and not unfrequently do not detach 
themselves as independent organisms; whilst the Medusan phase 
of life is the most cons])iruous in the ordinary Acalephs, their 
Zoophytic stage being ])assed in such obscurity as only to be 
detected by careful research. — The Author’s views on this subject, 
which were at first strongly contested by Prof. E. Forbes, and 
othfer eminent Zoologists, have now come to be generally adopted. 

526. Actixozoa.— O f this group, the common Soa-Anemonies may 
be taken as types ; constituting, with their allies, the order Zoan- 
tharia, or Henanthoid polypes, which have numerous tentacles dis- 
posed in several rows. Next to them come the Alcfijonarmt consisting 
of those whose polypdti, liaving only six or eight broad short ten- 
tacles, present a star-like aspect when expanded; as is the case 
with various composite Sponge-like bodies, unpossessed of any hard 
skeleton, which inhabit our own shores, and also with the Bed 
Coral and the Tnhipora of warmer seas, which have a ^ stony 
skeleton that is internal in the first case and external in the 
second, as also with the Sea-pens, and the Gorgon iw or Searfans. 
A tiiird order, Ittigosa^ consists of fossil Corals, whose stony 

♦ Pco bis Treatise on *^Tbo Alternation of Generations,” publisbed by the 
Bay Society. 

t Brit and For. Med-Chir. Eeviow,” Vol. i. (1848), p, 1^2, H 



a like Bolitary Anemone of our own coasts, which is scarcely dis- 
tinj^ishahle from an Actinia hy any other character than the 
presence of this disk, and also on the surface of many of those 
stony corals known as ‘madrepores;’ whilst in some of these the 
individual polype-cells are so small, that the laniellatcd arrange- 
ment can only be made-out when they are considerably magnified. 
Portions of the Burfaco of such Corals, or section s taken at a small 
depth, are very beautiful objects for low pow(^rvS, the fonner being 
viewed by rcfiected, and the latter by transmitted light. And thin 
sections of various fossil Corals of this grou]) are very striking 
objects for the lower powers of the Oxy-hydrogen Microscope. 

f)28. The chief point of interest to the iMicroscopist, however, in 
the structure of these animals, lies in the extraordinary abundance 
and high development of those ‘filiferous capsules,’ or * thread- 
cells/ fhe presence of which on the tentacles of the Hy droid polypes 
haa been alre.ady noticed (§ 514), and which are also to be found, 
sometimes sparingly, sometimes very abundantly, in the tentacles 
BUiTOunding the mouth of the Medusae, as well as on other 2:>art8 of 
their bodies. If a tentacle of any of the Coa-auemonies so abun- 
dant on our coasts (the smaller and more transparent kinds being 
selected in preference) be cut-off, and be subjected to gentle pres- 
sure between the two glasses of the Aquatic-box or the Compres- 
Borium, multitudes of little dart-like organs will be seen to project 
themselves from its surface near its tip ; and if the pressure be 
gradually augmented, many additional darts will every moment 
come into view. Hot only do these organs present different 
forms in different 8t)e<nes, but even in one and the same individual 
very strongly mwked diversities are shown, of which a few ex- 
amples are given in Fig.. 361. At a., b, c, d, is shown the appearance 
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of ‘filiferous capsulea,* whilst as yet the thread lies coilod- 
up in their interior; and at »» r, g, ir, are seen a few of tlie most 
striking forms which they 






exhibit when the thread or ’ Fio. 3C1, 

dart has started-forth. These 
thread-cells are found not 
merely in the tentacles and 
other parts of the extenial 
integument of Actinozoa, but 
also in the long filaments 
which lie in coils within the 
chambers that surround the 
stomach, in contact with the 
sexual organs which are at- 
tached to the lamella) divi- 
ding the chambers. The latter 
sometimes contain ‘ sperm - 
cells’ and sometimes ova, the 
two sexes being liere divided, 
not united in the same indi- 
vidual. — What can be the 
office of the filiferous fila- 
ments thus contained in the 
interior of the body, it is 
difficult to guesH-at. They 
are often found to j»rotrude 
from rents in the external 
tegument, when any violence 
has been used in detaching 
the animal from its base; 
and when there is no exter- 
nal rupture, they are often 
forced through the wall of 
the stomach into its cavity, 
and may be seen hanging out 
of the mouth. The largest of 
these capsules, in their un- 
protected state, are about 
j -JllXlth of an inch in le^gtli ; 
while the thread or dart, in 
Corynariis Allmanni, when 
fully extended, is not less 
than l-8th of an inch, or 

thirty-seven times the length Filiforous Capsules of Actinozo<t f— a , 
of its capsule.* CorpnarMa JUmfmnl ; C, X, F, Carf/ophyUla 

529. Of the Alnjonaria a Actinia cmaakornis Actinia 

dfeiaracteristio example is 

• See Mr. Ooesc’s “l^aturaliet’s Kambles on tlio Pevonshire Coa«t,” and 
Prof. * Helper dfm Ban, &c., der Ncsselkapseln emiger PoIyi>ea und 

Qnalleu,' in ** AbbaudL Naturw, Verelns zu Hamburg, Band v., ISGfJ, 
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Coatnd in the Mcyoninm digitaium of onr coasts; a lobed sponge-liko 
mass, covered witti a tough sldu ; which is commonly known under 
the name of ‘ dead^man’s toes,’ or by the more elegant name of ‘ mer- 
maids’ fingers.* When a specimen of this is first tom from the 
rock to wmch it has attached itself, it contracts into an unshapely 


mass, whose surface presents no* 
Fig. 3G2. thing but a series of slight depres- 

^ sious arranged with a certain re- 

A gularity. But after being im- 

M mersed for a little time in a jar of 

sea- water, the mass swells-out 
again, and from every one of 
P? tliesc depressions an eight-armed 

l^olypc is protruded, “ which re- 
sembles a fiower of exquisite 
]>eauty and periect symmetry. 
In specimens recently taken, each 
'd* the petal-like tentacula is seen 
with a luiud-glass to be furnished 
^ delicately-slendcr 

jdmnn or filaments, fringing each 
margin, and arching onwards ; 
^ and wdtli a higher power, these 

Spicules of Alcuonium and (iof^f/onia. pinmv are seen to be roughened 


throughout their whole length, 
with numerous nrickly rings. After a day’s captivity, however, 
tlio petals shrink up into short, thirk, uusha])ely masses, mdely 
notened at their edges” (Gosse). Wlien a mass of this soi*t is 


cut-into, it is found to be chanuelled-out somewhat like a Sjxmge, 

. by ramifying canals ; the 
Fio. SG3, vents of which oj>en into the 



A, Spicules of Gmymia 
K, Spicalee of Mvrkia elotigata. 


stomachal cavities of the po- 
lypes, which are thus brought 
into free cominunication with 
each other, —a character that 
esp^ecially distinguishes this 
Order. A movement of fluid 
is kept- up within these canals 
(as may be distinctly seen 
through their transparent 
bodies) by means of cilia 
lining the internal surfaces 
of the ix>lyi)es ; but no cilia 
can be discerned on their 
external surfaces. The tissue 
of this spongy polypidom is 
strengthened throughout, like 
that of Sponges {§ olO), with 
mineral spicules (always, how- 
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ever, calcareous), which are remarkable for the elegance of their 
forme ; these are disposed with great regularity aromid the bases of 
the polypes, and even extend part of their length upwards on their 
bodies. In the Gorcfoma or soa-fan, whilst the central part of the 
polypidom is consolidated into a homy axis, the soft Hesh which 
clothes this axis is so full of tubercnlated spicules, especially in its 
outer layer, that, when this dries-up, they form a thick yohowish or 
reddish incrustation upon the homy stem; this crust is, howerer, so 
friable, that it may be easily rubbed down between the fingers, and 
when examined with the Microscope, it is found to consist of spicules 
of different shapes and sizes, more or less resembling those shown in 
Figs. 362, 363, sometimes colourless, hut sometimes of a beautiful 
crimson, yellow, or pur]dc. These spicules are best seen by Black- 

f round illumination, csiiecially when viewed by the Binocular 
[icroscojie. They arc, of course, to be Ke}>arated from the animal 
substance in the same manner as the calcareous spicules of Sponges 
(§ rd2) ; and they shouhl he mounted, like them, in (’anada bal- 
sam. 3die spicules always possess anorganic basis; as is proved 
by the faed, that wlien their lime is dissolved by dilute acid, a 
gelatinous-looking residuum is left, which preserves the form of the 
spicule. 

530. The Ctc,ioplioni, or ‘ comh-hcarers,’ are so named from the 
comb-like arrangemouf. of the rows of tiny ‘ paddles,’ by the move- 
ment of wliich the bodies of those animals arc propelled. A very 
beautiful and not uncommon rejucseutativo of tliis order is 
furnishe<l by the (^ijdlppe pilvuti (Fig. 361), very couuiionly known 
as the Beroii, which desiguatiun, however, properly apj>ertainB to 
another animal (Pig. 365) of the same grade of organization. Tlie 
body of Ci/dippc is a nearly-globular mass of soft jelly, usually 
about 3-8tliH or an inch in diameter ; and it may be observed, oven 
■with the naked eye, to be marked by eight bright bands, which 
proceed frf>m pole to ])ole like meridian lines. These bands are 
seen with the Microscope to be formed of rows of flattened fila- 
ments, far larger than ordinary cilia, hut lashing the water in the 
same manner; they sfmietimes act quite indejicudently of one 
another, so as to give to the body every variety of motion, but 
sometimes >vork altogether. If the sun-light should fall upon 
them when they are in activity, they disj^lay very beautiful iri- 
descent colours. In addition to ’ these ‘ p>addlc8,’ the Oydippe is 
furnished with a pair of long tendril-like filaments, arising from 
the bottom of a pair of cavities in the posterior part of the body, 
and furnished with lateral branches (a) ; within these cavities they 
may lie doubled-up, so as not to be visible externally ; and when 
they are ejected, which often happens quite suddenly, the main 
filaments first come-forth, and tne lateral tendrils subsequently 
uncoil themselves, to be drawn-in again and packed-up witnin the 
cavities with almost equal suddenness. The mouth of the animal, 
situated at one of the poles, leads first to a qnadrifid cavity bounded 
by fonr folds which seem to represent the oral proboscis of the 

s s 2 
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ordinary Meduato (Fig. 359) ; and tbia leads to the true stomach, 
which passes towards the opposite pole, near to which it bifurcates, 

Fio. 804. . Fig. 3C;^. 



, ^vitli itK toiituck'S /)< roi showins: tho tubuliir 

extt*utl(‘(l. of tbo stomach. 

its branches passing towards the polar surface on either side of a 
little body which has every appearance of being a nervous ganglion, 
and which is surmounted externally by a iringe-like a]^paratu8 
that seems essentially to consist of sensory tentacles.* From the 
cavity of theHtomach, tiihular prolongations ]>ass-off beneath the 
ciliated bands, very much jis in the true Boroe (a) ; these may 
easily he injected with coloured liquids, by the introductiou of the 
extremity of a fine-pointed glass*syringo (Fig. 100) into the mouth. 
The liveliness of this little creature, which may sometimes be col- 
lected in largo quantities at once by the Stick-net, renders it a 
most Iwautiful subject for observation w'hen due sco]>e is given to 
its inovomonts ; but for tlie sake of Microscopic examination, it is 
of course necessary to confine these. — V'arious species of true 
some of them even attaining the size of a small lemon, are 

• It is eommouly stated tlint the two brnnehes of tlie alimentary canal open 
on the surfiico by two pores situated in tlie hollow of the fringe, one on either 
side of the nervous ganglion. The Author, however, Ims not been able to satisfy 
hinv8<df of the existence of such excretory jKjres in the ordinary CytUjrftt or /*eroc, 
although he ha« rep'utedly injected tbeiV whole alimentary canal and its exten- 
sionts and has atU'utively watched the cuiTcuts produced by ciliary action in 
the interior of tint bifurcating prolonj^tions, which currents always appear to 
him to return as froin c»Ecal extremities, lie is himself inclined to believe that 
this anrangefinont ha>< reference .solely to the nutrition of the nervous ganglion 
and tentacular apjmmtus, which lies imbedded (so to speak) in the bifurcation 
td the alimenttiry canalf so as to be aWe to draw its supply of nutriment direct 
from that cavity. 
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occasionally to be met with on our coasts ; in all of which th<3 
movements of the body are effeciod by the like agency of paddlew 
arranged in meridional bauds. These are splendidly luminous in 
the dark, and the luminosity is retained even by fragmouts of 
their bodies, being augmented by agitatiou ^of the water contain- 
ing them. — All the CtcHOfjkorti are reproduced from eggs, and are 
already quite advanced in their development by the time they 
are hatched. Long before they escape, indeed, they swim about 
with great activity within the walls of their diminutive prison ; 
their rows of locomotive paddles early attaining a largo sisw?, 
although the long flexile tentacles of are then only short 

stumpy protuberances. ^J’li rough the embryonic forms of the two 
groups, trof. Alex. Agassiz considers the Vitnaphora as related to 
J^Jehi noclemuiid. 

Those who miiy dosim to ac<juii-o a more systonintie anti detailed iic<pmin- 
tanco with the Zoo[)liyt('-^;roiip, may Ui i*K|H'ciully ridenod to the folluwiug 
Treatises and Memeivs, in additicni lo tliose ah<'‘a<ly eiU'd, and to the various 
recent systematic 'J'renlises on Zoology Dr. Johnston’s “History of HritisU 
Zoophj’tes,” I'rof. Hilne-ri<lv\-ardK’s “Jh-oherches stir los Polypes,'* and Ids 
“ Hirttuire *lcH Ounillaircs'’ ()n the ‘ Suites a Buffon'), I'aris, lSd7, Prof. Van 
lieueden ‘*Sur lea 'J’ulmJairos,' and ‘Sur les Uainpnnulaires,’ in Mdnj. do 
I’Acad. lioy. de Bruxelles,’’ Tom. xvii., and his “ Beelierehes sur I’llist, Nat. 
des Polypes qui fiv'queuteiit les Dotes <le Belgique,” Op. rit, Tom. xxxvi., Sir 
J. G. Dalyell’s “ Itare and Komarhahle Animals of Scotland,’' Y<*1. i., Trembley’s 
“ MJm. poiirservir it I’histoin! d'mi genre de Polype d’Kuu donee,'’ M. IJollard'K 
* MouograithiiJ du Genre AtVia/a,’ in “Ann. dew ISei, Kut.,” 8er. 3, Tom. xv., 
I'rof. Max. Schultze, ‘On the Male Kejiroductive Organs of ikimpuhiUnrUi 
tjeniciiluUij in “Quart, .iuurn. of Microac. tSei.,” Vol. iii. (1855), p. 5J, Prof. 
Agassiz's beautiful Monograph «»n Anierieau Medusm, forming the ihiid 
volume of lii.s “ Gontribulions to the Natural History of the United States of 
Americui,” Mr, Hincks’s “British Hydroid Zoophytes,” J’rof. Allman’s adniimble 
Afemoirs on (!<>rdnh}pU(>ro and Mf/riotfiela in the I'biloa. Transact, for 1H53 and 
1875, Prof. J. U. Greene’s “Alanual of tlio Sub-Kingdom ('<elenterrUap which 
contains a Bibliograjjhy very complete to the <late <jf its publication, and the 
articles * ActLuozt.>a,’ ‘(Jtenophom,’ and • llydrozoa,’ in tijc ,Supplemont to the 
Natural History Divisitui of the “English (’yclopadia.” Tlu) Ctenophvra ar*' 
specially treated of in Voh iii, of I'rof. Agassiz's “Contributions to the Natural 
History of the Thiih'd »StateH.'' 8ef) also Pruf. Alex. Agassiz’s “Bea-side 
Stmiies in Natunil History,” and hi8“ IliuBtraU’d Catalogue of the Museum of 
Comparative Anatomy at Harvard College,” Prof. Janies-Clark in “ American 
Journal of Bcience,” 8er. 2, Vol. xxxv. p. 348, Dr D. Macdonald in 
“Transact. P^oy. Soc. Edirifc.,’’ Vol, xxiii. p, 315, Mr, II. N. Moseky *Ou the 
Structure of a species of Mllfepora^* in “Philos. Trans.,’’ 1877, p. II/, and ‘On 
the Structure of the Stylagtf'rUla.^ Ibid., 1878, p. 425; and on the Acalfpka^.,* 
Prof. Haeckel’s “Beitrilge zur Naturgescliichte der Hydromedusen,” tl^ 
masterly work of the brtithors Hertwig, “Dos Ne.rveusy8teiu und die 
Sinnesorgano dor Modusen” (1878), and the Memoir of Prof. Schiifer * On tho 
Nervous System of Aurelm auritOy in “Philsos. Truns.,” 1878, p. 5G3. 



CHAPTEE XIY. 

ECHINODERMATA. 

531, As we ascend the scale of Animal life, we meet with such 
a rapid advance in complexity of structure, that it is no longer 
possible to acquaint ono’s-sclf with any organism by Microcsopic 
examination ot it as a whole ; and the dissection or analysis which 
becomes necessary, in order that each sejmrate part may be studied 
in detail, lielongs rather to the Comparative Anatomist than to the 
ordinary Microscopist. This is csjx^cially the case with the Echinn^f 
(Sea-Urchin), Aat^rlus (Star-fish), and other membera of the class 
Bchinodermata, oven a general account of whose complex organi- 
zation would be <\iute foreign to the purpose of this work. Yet 
there arc certain parts of their structure which furnish Microscopic 
objects of such beauty and interest that they cannot by any means 
be passed by ; wbilc the study of their Embryonic forms, which 
can be prosecuted by any Sca-sitle observer, bring into view an 
order of facts of the highest scientific interest. 

532. It is in the structure of that (^ilcareous Skeleton which 
probably exists under some fomi in every member of this class, 
that the ordinary Microscopist finds most to inb?re.st him. This 
attains its highest development in the EchinUhi ; in which it forms 
a box-lik© shell or ‘ test,’ composed of nmnerotrs polygonal plates 
jointed to each other with great exactness, and Ix'set on its external 
surface with ‘spines,’ which may have the form of prickles of no 
great length, or may be stout club-shaped bodies, or, a^ain, may 
be veiy long and shmder nnls. The intimate structure of the shell 
i$ everywhere the name ; for it is corii]>osed of a 'itdtcork, which 
consists of Carbonate of Lime with a very small quantity of animal 
matter as a basis, and which extends in every direction (be., in 
thickness as well as in length and brcadfti), its areo/u’ or inter- 
Spaces freely communicating with each other (Figs. 367). 
tWs 6 ‘ aroolm/ and the soUd structure which surrounds them, may 
bear an extremely variable proportion one to the other; so that in 
two masses of equal size, the one or the other may greatly predo- 
minato ; and the texture may have eitlier a remarkable hgatneas 
and porosity, if the network be a veiy oi>en one like &at of 
Kg. S iOO, or may possess a considerable degn^e of compactness, if 
the solid portion be strengtheneil. Generally speaking, the different 
layeors of this network, wliich arc connected together by pillars that 
pass from one to tlie other in a direction perpendicular to their 
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plane, are so arr^ged that the perforations in on© sLall oorrospond 
to the intermediate solid structure in the next ; and their trans* 
parenoe is such that when we are examining a section thin enough 
to contain only two or three such layers, it is easy, by properly 
focussing the Microscope, to bring either one of them into distinct 
view. From this very simple but 
very beautiful arrangement, it 
comes to pass that the plates of 
which the entire * test’ is made 
up possess a very considerable 
degree of strength, notwith- 
standing that their porousness 
is such, that if a portion of 
a fractured edge, or any other 
part from which the investing 
membrane has been removed, 
be laid upon iluid of almost any 
descri])tiou, this will be rapidly 
sucked-up into its substance. — 

A very beautiful example of the 

same kind ol calcareous skeleton, St-ciH.n of Shi ll of av;< how, h)i owing 
having a more regular contor- (..ilcarcouH m'twoik of whirii it is 
matiou, is furiiished by the disk composed: — o, portions of u (lo<‘por 
or ‘ rosette’ which is contained layi-r. 



in the tip of every one of the i , i 

tubular suckers put iorth by the living Echinus from the arnbu- 
lacral pores’ that ur (3 seen in the rows of smaller plates interposed 
between the larger Mjane-bearing plates of its box-likc shell. If the 
entire disk bo cut-olf, and bo mounted when dry in Canada balsam, 
th'} calcareous rosette may bo 

seen suthcicntly well; but its Fia.3G7. 

beautiful structure is better 
made-out when the animal 
membrane that encloses it has 
been got rid-of by boiling in a 
solution of caustic potass ; and 
the appKjarance of one of the five 
segments of which it is com- 
posed, when thus prepared, is 
shown in Fig. ^08. 

odd. The most beautiful di*^- 
play of this reticulated structure, 
however, is shown in the struc- Tn^iisverso of contml i>ortion 

ture of the ‘ spines’ oi Echiuvs^ of Spine of AcrocAwiia^ fthowing its more 
Cidciri^t «fec* ; in which it is com- op?n network, 
bined with solid ribs or pillars, 

disposed in such a manner as to increase the strength of these organs; 
a regular and elaborate pattern being fomed by their intermixture, 
which shows considerable variety in different «pccie».-^Wben we 




Ojio of the so^ieuts of tli(‘ caluiroouM skeJeton of an jlinbuhK’jal 
Disk of Jichinus. 

si^cies, however, being exceptional in this respect) or its immediate 
ulhes, wo see it to be made up of a number of concentric layers, 
arranged in a manner that strongly reminds us of the concentric 
rings of an Exogenous tree (Fig. 254). The number of these layers 
IS e2dremely variable ; depending not merely upon the age of the 
(as will presently appear) upon the part of its length from 
which the section happens to be taken. The centre is ususdly occu- 
pied hy a very open network (Fig. d07) ; and this is bounded by a 
row of transparent spaces (like those at a a\ h b\ c o', &c,, Fig. 309], 
which on a cursory inspection miglit bo BU]>posed to be void, but 
arc found on closer examination to be the sections of solid ribs 
or pillars, which run in the direction of the length of the spine, 
and form the exterior of every layer. Their solidity becomes very 
obvious, when we either examine a section of a spine whose sub- 
stanoe is pervailed (as often happens) with a colouring matter of some 
depth, or when we look at a very thin section by black-ground 
illonunation. Around the innermost circle of these solid pillars 
there is another layer of the calcareous network, which again is 
surrounded by amdher circle of solid pillars ; and tliis arrangement 
may bo repeated many times, as siiowu in Fig. 3f>9, the outermost 
mw of ptuara fonning the* projecting ribs that are commonly to lie 
distinguisbed on the surface of the spme. Around the cup-shaied 
fiaao of the spine is a membrane which is continuous with tnat 
covering the surface of tlie shell, and serves not merely to hold- 
down the cup upon the tubercre over which it works, but also by 
its contrEeUlity to move the spine in any re^iuired direction. This 
membr^e is probably continued onwards over the whole suifaee nf 
the spine# although it cannot be clearly traced to any distance 


STOUCTUBE OF 6HKBS OF ECHINIOA. m 

imtjx the and the new fotmatione may be presumed to take 
place in its substance. Each new formation completely eusheathes 
the old; not merely surrounding the part previously tbrmed, but 
also projecting considerably beyond it ; and thus it happens that 


Fio. 8G0. 



J'ortiou of ItuiiHV'orriH of Spiuo of Jcrorlulia iwii/uudhtii, 

the number of layers shown in a transverse section will depend iu 
])art upon the place of that section. For if it cross near the base, 
it will traverse every one of the successive layers from the very 
commencement ; whilst if it cross near the apex, it will traverse 
only the single layer of the last growth, notwithstanding that, in 
the club-shape spines, this tcnniiial portion may be of considerably 
larger diameter than the basal ; and iu any intermediate part of 
the spine, so many layers will be traversetl, as have been formed 
since the spine first attained that length. The basal portion of the 
8])ine is enveloped iu a reticulation of a very cl(»se texture, without 
concentric layers ; forming the cup or socket which works over the 
tubercle of the shell. 

but. Their combiuailon of cliftgauce of i)attcra with richness of 
colouring, renders well-j)re}mred Hpecimeiis of these Spines among 
the most beautiful objects that the Mieruscopist can anywhere 
meet-with. The large spines of the various species of the genua 
Am^ocldditi furnish sections most remarkable for size and elabo- 
rateness, as well as for depth of colour (iu which last point, how- 
ever, the dcej> purplctspines of ErkinnH lioidm are pre-eminent) ; 
but for exquisite neatricKs of pattern, there arc no spines that can 
approach those of JiJrJJ uometra (Plate if-, fig. 1) and 

E, UccHnten The spines of Helwculadn variolar in are also re- 
markable for their beauty .-“-No succession of concentric layers is 
seen in the spines of the British Ecktai, probably because (accord- 
ing to the opinion of the late Sir J. U. Dalyell) these spines are 
cast-off and renewed every year ; each new formation thus going 
to make an entire spine, instead of making an addition to that pre- 
viously existing. — ^liost curious indications are sometimes a^rded 
by sections of Echinus-spines, of an extraordinary power of 
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ration inherent in these bodies. For irregularities are often eem 
in the transverse sections, which can be accounted-for in no other 
way than by supposing the spines to have received an injury when 
the irregular part was at the exterior, and to have hod its loss of 
substance supplied by the growth of new tissue, over which the 
subsequent layers have been formed as usual. And sometimes a 
]^culiar ring may be scon upon the surface of a spine, which in- 
dicates the place of a complete fracture; all beyond it being a new 
growth, whose n neon form ablenesH to the older or basal portion is 
clearly shown by a longitudinal section .♦ — Tlie spines of CUlaris 
present a marked dej^arture from the plan of structure exhibited in 
Echinus ; for not only are they destitute of concentric layers, but 

Fia :{7(), 
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the calcareous network whicli forms tlieir principal substance is 
encased in a S(»lid calcareous sheath j>erforatt‘d with tubules, which 
seems to take the place of the separate pillars of the Echini. This 
is usually found to close-in the spine at its tip also ; and thus it 
would appear that the entire spine must bo formed at once, since 
no addition could be made either to its length or to its diameter, 
save on the outside of the sheath, where it is never to'be found, 
^rh© sheath itself often rises up in prominent points or ridges on 
the surface of these Hj>ines; thus giving thorny character by which 
they may bo distinguished from those of Echini. — The slender, 
almost filamentaiy' spines of Spiiiiiuijug (Fig, d70), and the in- 
numerable minute hairdike processes attached to the shell of 
Vlypm^ter, are composed of the like regularly-reticulated substance ; 
and those are very beautiful objects for the lower powers of the 
Microscope, when laid upon a black ground and examined by re- 
flected flight without any further prejjaration. — It is interesting 
also to find that the same structure presents itself in the curious 

See tb« Authei^s description of eneb Bettaratioas in the Monthly Micro- 

‘ ‘ ' * *’ Vol. iU. (iSTb), p, 2to. 
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Fcdlcdlmim (fovceps-like bodies mounted on long stalks), wbicli 
are found on the surface of many Echinida, and the nature of which 
was^ formerly a source of much peridexity to l?^aturalista, some 
having maintained that they arc parasites, whilst others considered 
them as proper appendages of the Echinus itself. TTie complete 
conformity \^ich exists between the structure of their skeleton and 
that of the animal to which they are attached, removes all doubt of 
their being truly appendages to it, as observation of their actions 
in the living state would indicate. 

535. Another example ot‘ the same structure is found in the 
peculiar framework of plates which surrounds the interior of the 
oral orifice of the shell, and which includes the five trdh that may 
often he seen projecting externally through that orifice ; the whole 
forming what is known as the ‘ lantern of Aristotle.’ The texture 
of the plates or jaws resembles that of the shell in every respect, 
save that the network is more open ; but that of the teeth difters 
from it so widely, as to have been likened to that of the lx>ne and 
dentine of Vertebrate animals. Tlie careful investigations of 
Mr. James Salter,* however, have fully demonstrated that the 
appearances wliich have suggested this comparison are to bo 
otherwise explained ; the plan of structure of the f.fujth being essen- 
tially the same as that of the kAc//, although greatly modified in 
its working-out. The coinidcte tooth has somewhat tho fom of 
that of tiie front tooth of a Kodent ; save that its concave side is 
strengthened by a projecting ' keel,’ so that a transverse section of 
the tooth j)resents the form of a X* d’his keel is composed of 
cylindrical rods of carbonate of lime, having club-shaped extremities 
lying obiiouely to the axis of the tooth (Fig. 371, A, d ) ; those rods 
do not adhere very firmly together, ho that it is difficult to keep 
them ill their places in making sections of the part. The convex 
surface of the tooth (c, c, /*) is covered with a firmer layer, which 
has receiveil the name of ‘enamel;’ this is com|K)sed of shorter 
rods, also obliquely arranged, but having a much more intimate 
mutual adhesion than we find among the rods of the keel. The 
principal ])art of the substance of the tooth (a, h) is made-up of 
what may be called the * primary plates these are triangular plates 
of calcareous sholl-yubstance, arranged in two series (as shown at 
B), and constituting a sort of framework witli which the other parts 
to 1x5 presently described become connected. These plates may be 
seen by examining the growing base of an adult totith that hw 
been preserved with its attached soft parts in alcohol, or (which is 
preferable) by examining the base of the t(;oth of afresh specimen, 
the minuter the better. Tho lengthening of tho tooth below, oj it 
is worn -away above, is mainly affected by the successive addition 
of new * primary jdates.* To the outer edge of the primary platen, 
at some little distance from the base, we find attached a set of 

* See his Memoir ‘ On the Structure and Growtli of tho Tooth of BGhiQtu(,‘ 
in " Fhiloa. Transact’* for ISOI, p. 387. 
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lappet-like appendages, whicli are formed of similar plates of cal* 
careons skeU-subsiance, aad are denominated by Mr. Salter 
* secondary plates/ Another set of appendages termed * flabelli- 


Fio. 371. 



Stnicturo of tbo ai Krhinuti :~~A, vorticul fiortioii, 

fihowiiijy tho foi of the apex «>f the fcHtth as j)i c»duce<l by 
vettr, and reUiii d by the relative banlness of its eleiueiitary 
jwrts ; «, the ei r c<nidensrd axis ; /j, tl>e body formed of 
jdatos; c, the s “ ‘ cf, the keel ii, ( 

growtJi of the oth, ns se^ai at 

nystems of plates; the dark a]>ix‘aiuiiee m the eentml |x>rtiou 
of the upiMn* part is produe- d by the incipient letieulatiouK of 
the flabeliironn processes: — c, tiuus verso si*ctiotj of the tooth, 
showing Ht « the ndge of the keel, at It its lateral jiortioii, 
resembling tin' t.hell in texture ; at e, (’, tlie enamel. 

form processes’ is added at some little distance frotn the growing 
base; these consist of elaborate reticulations of calcareous fibres, 
ending in fan*8ha|x?d extremities. And aWa point still further 
fr<m tie base, we find the different coini>onent8 of the tooth con- 
nected together by ‘soldering piarticles,’ which are minute cal- 
careous disks interposed Ivetweeu the previouHly-fornicd structures ; 
and it is by the increased development of this connective sub- 
stauoe, that the intervening H]>acc8 are narrowed into the semblance 
of tubuli like those of bone or dentine. Thus a vertical section 
of the tooth comes to present an appearance very like that of the 
hom of a Vertebrate animal, xyita its lacuna?, caualicuH, and 
lamellae ; but in a transverse section the body of the tooth b^rs a 
ationger rosemblanoe to denthm ; whilst the keel and enamel-layer 
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more resemble an oblique section of Pima than any other form of 
eheU-stmctnre. 

536. The calcareous plates which form the less compact skele- 
tons of the A^torlada (* star-fish’ and their allies), and of the 
Oflmirida {* sand-stars’ and ‘brittle-stars’), have the same texture 
as those of the shell of Echinus. And this presents itaolf, too, in 
the spines or prickles of their 
surface, wlien these (as in the 
great Goniader cqnesirU) are 
large enough to be furnished 
with a calcareous framework, 
and are not mere projections 
of the homy intogunient. An 
example of this kind, fnrnished 
by the Adr'tj>Iuffo)t, (better 
known as Eonjidv), Ls 
represented in f’ig. 372. The 
spines with wliicli tlie arms 
of the species of Ophioroma 
(‘brittle-star’) are boset, are 
often remarkable for tlieir beauty of conformation ; those of O. 
roanln, one of the most co?nmon kinds, miglit serve (as Prof, 
E. Forbes justly remarked), in point of lightness and beauty, 
as models for the fi])ire of a cathedral. These arc seem to tne 
greatest advantage when mounted in (hannda balsam, and viewed 
by the Binocular Microscope with Black-ground illumination, — ^ 
It is interesting t<j remark that the minute tooth of (hpMorom<i 
clearly oxhihils, with scarcely any preparation, that gradational 
transition Ijetwecn the ordinary reticular structure of the shell and 
the peculiar substance of the tooth, whicli, in the adult tooth of 
the Echinna, can only be traced by making sections of it near its 
base. The tootli of Oohiorom.n. maybe mounted in balsam as a 
transparent object, with scarcely any grinfling down ; and it is then 
seen tliat the Ifasal portion of the tooth is formed upon the open 
reticular plan characteristic of the ‘ shell,* whilst this is so modified 
in the old(T ])ortion bv aubseipient addition, that the upper part of 
the tooth has a Ixme liko character. 

537. The calcareous skeleton is very highly develojied in the 
Critioidca ; their steijis and branches being made-up of a calcareouB 
network closely resembling that of the shell of the E^ihinus. This 
is extremely well seen, not only in the recent Pf^vtaennm Caput 
MedusWt a somewhat rare animal of the Wtfst Indian seas, but also 
in a large proportion of the fossil Crinoids, whoso remains are »0 
abundant in many of the older Geological formations ; for notwith- 
standing that these bodies have been penetrated in the act of fos- 
silization by a Mineral infiltration, which seems to have substituted 
itself for the orighial fabric (a regularly-crystalUue cleavage being 
commonly found to exist in the fossil stems of Eucrinites, as m 
the fossil spines of Echinida), yet their organic structure ii often 


Fin. 072. 



(’nh'art'onH jtliitf’ Minlclnwof A^trophifto^ 
(Euryiflf). 
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jnoat perfectly preserved.* In the circular stems of Encrinite^^ 
the texture of the calcareous network is uniform, or nearly so# 
throughout ; but in the pentangular Prntarrini, a certain figure or 
pattern is formed by variations of texture in different parts of the 
transveme section.t 

538. The minute structure of the Shells, Spines, and other solid 
parts of the skeleton of Echinoderniata can only he displayed 
by thin sections made npon the general plan already described 
(§§ 192-195). But their peculiar texture recpiires that certain 
precautions should be taken ; in the first place, in order to prevent 
the section from breaking whilst being reduced to the desirable 
thickness ; and in the second, to prevent the interspaces of the net- 
work from being clogged by the particles abraded in the reducing 
process. — A section of the Shell, Spine, or other portion of the 
skeleton should first be cut with a fine saw, and be rubl>ed on a 
fiat file until it is about as thin as ordinary card, after which it sliould 
bo smoothed on one side hy friction with wabn* on a Watcr-of-Ajr 
stone. It should then, after careful washing, be dried, tirf^t on white 
blotting-] >aper, afterwards by exposure for sonic time to a gentle 
heat, so that no water may be retained in the interstices of the 
network, which wouldop])t>sothe complete penetration of the Canada 
balsam. Kext, it is to bo attached to a glass-slip by balsam 
hardened in the usual manner ; but particular care should be taken, 
first, that the balsam be brought to exactly the right degree of 
hardness, and second, that thiTo be enough not merely to attach 
the specimen to the glass, but also to saturate its substance 
throughout. The right degree of hardne.ss is that at which the 
balsam can be with difficulty indonted by the thumb-nail ; if it be 
made harder tlian this, it ia aj>t to chip-off the glass in grinding, so 
that the specimen also breaks away ; and if it be softer, it holds 
the abraded particles, so that the openings of the network become 
olc^^ged with them. If, when rubbed-down marly to the required 
thinness, the section apiiears to bo uniform and satisfactiiry through- 
out, the reduction may be completed without displacing it ; but if 
(Oi often happens) some inequality in thickness should he ob- 
servable, or some minute air-bubhles should show themselves 
between the glass and the under surface, it is desirable to loosen 
the specimen by the application of just enough heat to melt the 
balsam (special care being taken to avoid the production of fresb 
air-bubbles), and to turn it over so as to attach the side last 

• The eidcareoas skelofim even of living EcfiiiKxIoniis has a crystalliaa 
OggreMtioa. as is very obvi<ma in the more soli'i npines of JSchimmttrm^ Ac. ; 
for itw difBcttlt, in sawing these across, to avdd their tendency to dmvage in 
the ohiiqiie phmo caloite. And the Author is informed by ^r. Sorby, ttmt 
the calo^ous de|>o«it which fills up the areolw of the foBsilized skeleton Imm 
always the wiiac crrstallino syslera with the skeleton itself, as* is shown not 
mereiT by the mmonnity of their cleavage, but by the?r similar aetioa on 
Polwdaed light 

t Bm 74-76 of the Author's Memoir on ** Shell Structure” in the Beport 

of tito Assodatiou lor 1S47. 
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polished to the glass, taking care to remove or to break with the 
needle-point any air-bubbles that there may be in the balsam cover* 
ing the part of the glass on which it is laid. The surface now 
brought uppermost is then to be very carefully ground down ; 
special care being taken to keep its thickness uniform through 
every part (which may be even better judged-of by the touch than 
by the eye), and to carry the reducing process far enough, without 
carrying it too far. Until practice shall have euabled the operator 
to judge of this by passing iiis linger over the specimen, he must 
have continual recourse to the aM.icrosco])e during the latter stages 
of his work ; and he should bear constantly in mind, that, as the 
specimen will boconio much more transparent when mounted in 
balsam and covered with ghiss, than it is when tljo ground surface 
is exposed, he need not carry his reducing process so far as to pro* 
duce at once the entire transparence be aims at, the attempt to 
accomplish which would involve the risk of the destruction of the 
specimen. In ‘mounting’ the specimen, lifiuid balsam should bo 
employed, and only a very gentle licat (not sufficient to produce 
air-bubbles, or to loosen the spcHumen from the glass) should bo 
applied ; and if, after it has been mounted, the section should bo 
found too thick, it will be easy to remove the glass cover and to re- 
duce it further, care being taken to harden to the ])roper degree tho 
balsam which has been newly laid-on. 

539. If a number of Ktxitious are to bo prepared at once (which 
it is often useful to do for tho sake of eexmomy of time, or iu 
order to cornpjiro sections iiikeii from different parts of tho same 
spine), this may V>e most readily accomplished by laying them 
down, when cut-offi by tho saw, without any preliminary prepara- 
tion save the blowing of the calcareous dust from their Hurraocs, 
upon a thick slip of gla.ss well covered with hardened balsam ; a 
large proj-mrtiou of its surface may thus be occupied by the sections 
attached to it, the chief precaution required being that all tho 
sections come into equally close contact with it. Their surfacos 
may then be brought to an exact level, by rubbing them down, 
first uj>on a flat piece of grit (which is very suitable for tho rongh 
grinding of such sections), and then a large Watcr-of-Ayr 
stone whose surface is true.’ When this level has been attained, 
the ground surface is to be well washed and dri(3d, and some 
balsam preriously hardened is to be spread over it, so as to be 
sucked-in by the sections, a moderate heat l>eing at the same time 
applied to the glass slide ; and when this has been increased suffi- 
ciently to loosen the sections without overheating the balsam, the 
sections are to be tumed-ovur, one by one, so that the ground sur- 
faces are now to be attached to the glass slip, special cure being 
t^en to press them all into close contact with it. They are then 
to be very carefully rubbed-down, until they are nearly reduced to 
the required thinness ; and if, on examining them from time to 
time, tueir thinness should be found to be uniform throughout, the 
reduction of the entire set niay be completed at once ; and when 
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it has been carried sufficiently far, tbo sections, loosened by warmth, 
are to bo iahon-up on a camel-hair brush dipped in turpentine, 
and transferred to separate slips of glass wnereon some liquid 
balsam has been previously laid, in which they are to be mounted 
in the usual manner. It more frequently happens, however, that, 
notwithstanding every cave, the sections, Avhen ground in a number 
together, are not of uniform thickness, owing to some of them 
being underlaid by a thicker stratum of balsam than others ; and 
it is then necessary to transfer them to separate slips before the 
reducing process is completed, attaching them with hardened 
balsam, and finishing each section separately. 

540. A very curious raftnutl skeleton, formed of detached plates 
or spicules, is found in many mcrol>cr8 of this class ; often forming 
an investment like a coat of mail to some of the viscera, e8])ecially 
the ovaries. 'I'he hirms of these plates and Kpicules are generally 
so diverse, even in clos^'ly-allied species, us to afibrd very good 
differential characters. - 'J'liis subject is one that has been as yet 
but very little studied, ^Ir. Sit'wart being the only Microscopist 
who has given much attention to it but it is well worthy of much 
more extended research, 

541. It now remaius for us to uolioe the curious and often very 
beautiful structures, which represent, in the order Holothmda, 
the solid calcareous skeleton of the orders already noticed. All 
tlie animals l:>e!ongiug to this Order are distinguished by the flexi- 
bility and absence of firmness of tludr envelopes ; and excepting in 
the case of certain sjx'cies which have a set of calcareous plates, 
supporting teeth, disposed around th(‘ mouth, very much as in the 
E^inida, we do not find among them any representation that is 
apparent to the unassistc'i eye. of that skehton which constitutes 



Calorcous in {^kiii of IJiffathnria. 

80 distinctive a feature of the class generally. But a microscopic 
examination of their integument at once brings to view the exist- 
ence of great numbers of minute isolate^l plates, ^very one of them 
presenting the characteristic reticulated structure, which are »et 
rin ih& Lmnseaa TnuiSActionfl,” Vol, xxr. ] 
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with greater or less closeness in the snbstflnec of the nkiii. YavlouH 
forma of the plates which thus present themselves in llohihuria 
are shown in Fig, ; and at a is seen an ohlitpie vi<!W of the 
kind marked (U more highly magnilied, allowing the very peculiar 
manner wherein one part is superposed on the other, whieu is not 
at all brought into view when it is nun'cly seen through in the ordi- 
nary manner. — In the one of the long-bodied forms of tlu.s 

order, which abounds in tlie Adriatic Sea, and of whieh two ajiccicM 
(the /Sf. (Jifjitatn and S. /n/oerems) oeeasi(»nally oeenr iipon our own 
coasts,’^ the calcareous ])late8 of tlie integument have the regular 
form shown at a, Fig. 374 ; and each of these carries the curious 
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('alfMOniis Sk(k‘' 

l<>n of Si/intpfn A. 

‘ Imkfddt'd in 


Still; n, tin- ..;uii , ujtli its uii' lu»r like s|>iuc utUvcIjed ; C, 
{un'lu*r-ljk(* .spin-' s'-pi-nil*'*!. 


Fis. 37 


anchor-like a]>p(‘ntlagc, whirl) is ai*ticulat(‘d to it by the notched 
piece at the foot, in tlie manner sliown (in side view) at U. The 
anchor-like ajipcndages ]»r<*jcct from the snrfma' of the skin, and 
may b<‘ considered as repre- 
senting the spines of F.elii- 
nida. — Nearly allied to the 
Synapta is the (Itlrailofa, 
the integument of which is 
entirely «lestit))b? of ‘anchors,’ 
blit is furnished wdth very 
rem arkabi mv h eel -li k e plat es ; 
those represented in Fig. 3»77> 
are found in the skin gf C'Ai- 
rodofa violacfut, a species in- 
habiting the Mediterranean. 

These ‘ wheels’ are objects of 
singular Iwanty and delicacy, 

being especially remarkable for the very minub^ notching (scarcely 
to be discerned in the figures without the aid of a mognifyiitg^glass) 
which is traceable round the inner margin of their ‘tires * — ^'Fhere 
can be scai*ccly anj reasonable doubt that every meml>cr of this 



Wlx'cl-Ukf' plants from Skiji of Chlrodota 

I'ioiatra. 


See W<wU\Tard iu “rroccediugs of ^Zoological Sociofy,” July 13, 
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Order has hobio kind of calcareous skeleton, disposed in a manner 
conformable to the examples now cited; and it would bo very 
valuable to determine how far the marked ijoculiarities by whicn 
they are respectively diKtinguitihed, are characteristic of genera 
iiTid species. Tiu* platen may be obbiim^l Hoparutely by the usual 
method o! treating the skin with a sulutiou of jxjtass; and they 
should be mounted in ranada balNani. l>ut their position in the 
skin can only bo asccrtaimnl by making sections uf the integument, 
lioth vertical and puralicl to its Kuriace; ami these sections, when 
dry, arc most ad\antageou,sly immutru in the same medium, by 
>vhich their transparence is greatly inereaseJ. All the objects of 
this class are most iH autiiully displayed by the Black-groinid illumi- 
nation; and their K<il!d forms an; seen with increased eflect under 
the Binocular, 'the Hlnck-gronml ilhiminathm applied to rer// ihin 
secliouH of Kehinus spine.s brings out st/xm’ (‘ti’ects c>f marvellous 
beauty; and even iuliieselhe >oiid furnud the network comiecLing 
the pillars is U'tter mm n vith the Biiiuciilar than it can be with tlu* 

< xrdinurv Mien esco] ><' . * 

r>4li. l^nvnv . — We have mnv to notice that most 

remarkable set of oltjeelM furnished to the i^Iieroseopic inquirer by 
the Icrral states of tliis cla.>> ; for our kmovledge of wdiicli we are 
chiefly indebttMl to tlie ))ainstnking nud whhdy-exteiuled investiga- 
tions of Prof. J. IMiiller. All tliat our limit.s js'rmil is a notice of 
two of tlie most ciinuus form.s of the^e larvie, liy way of sample oJ' 
the wonderful phenomena W'bieh lus researche> brought to light, 
and to which the a1t<'ntion <d' MicroseopiblM wdio have the o[)por- 
tunity of studying them should btslhe more assiduously dii'ucted ; 
as even the most delicate of these organi^mH have l^eeii found capal>h* 
of such perfect pri'servation, ns to xidimt of lieing htudi(‘d, when 
monnted us preparntious, even better than when alive dto, o). 
'Fhe peculiar feature t>y \Yhichthe ('arly history of the Eehinodernis 
gcmenilly si*emH to be distinguishe.l is this,--- that the embryonic 
mass of cells is converted, not into a larva wdiich subsequently 
attains the uitultform by a. ]>rocess of metamorjihosis, but into xi 
peculiar * zooid' or psen,/» /.////..o, which seems to cxi.st for no other 
purpose than to give origin to ilie Eclunoderm by a kind of interna] 
gemmation, and to carry it to a diNtance by its active locr>motive 
^lowera, ao as to prevent the spO’S iuhablu^d by the respcHjtive 
species fr<un being overcrowded by t he aocqinulation of their pro- 
geny* The larval zooids are formed upon a type quite difTerent 
from that which characterizes the adults; for instead of ix nidiul 
symmetry, they exhibit a /u7o/<cobtho two sideti being precisely 
alike^ anA each having a ciliated fringe along the greater part or 

^ It TOsybo here pointed out thnt tin* tMUieiilated appexutuico is s<>metiui€s 
dec*^ptiv« ; whfti see < to nt'U^oik in many instances u hoihw' 

network of ,aiiuelUMl-t»ut in a Mtlid cihcjuvuys substance. Detwecu 

tbew two couditioiiA, ill which the ivlutitm tfn* solid fraxiiework and 

iho iixtonTtting S|)acu is completely reversed, there is everj' intex'iwedkuc 
gradMion, 
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the whole of its length. The tivo fringes are united by a superior 
and an inferior transverse ciliated band ; and between these two 
the month of the zooid is always situated. fhiHher, although tin' 
adnlt Star-iish and Sand-stars have nsutilly neither intt'stinal tube 
nor anal orifice, their larval zooids, like those of other Echinoderms, 
always j>ossess both. The external forms of tlieso larva?, however, 
vary in a most remarkable degree, owing to the unequal evolution 
of their different parts ; and there is also a considerable diversity in 
the several Orders, us to the projKU'tion ut the fabric of the larva 
which enters into the (‘(imposition of the adult form. In the fully 
devfdop<?d Htar-firth and Sea-urchin, the only \)art retained is a 
jiortion of the stomach and intestine, which is puiched-ofi*, so to 
speak, from that of tin* larval zooid. 

One of the most nmiarkablo forms of Echiiiodcrmdarvm is 


that wliich has roccivc'd lhi‘ name (d‘ JJijtiuunrift (Eig. Iwd), from 
the symmetrical arrangcimmt of its iiiitatojy organs. 'I’he month 


(o),whiehopt‘ns in the mntlle 
of a transver.'.e furrow, leads 
through an (r‘sophagns a’ to 
a, large stomach, around which 
the body of a vSt.ar-tlsh is d(f- 
veb'ping- itsi'lf; ami <m om? 
sideof thismoiitli anudjserved 
llic inb'Hcinal tube and anus 
ih). On cither side <,f tbo 
anterior ]>ortion (»f tlie ]>ody 
arc six or mor(' narrow iin- 
iike appendages, whicli are 
fringed with cilia; .and tlu' 
posterior ])art of tlu; body is 
prolonged into a sort ol 
pedicle, laIol*ed toward.s its 
extremity, wdiich also i.s co- 
vereil with cilia, d'he organi- 
zation of this larva seems 
eoinjretcd, and its move- 
ments through tlie water 
lx*Come very active, before 


j‘u;. 



the ma‘'S ;\t its aTjt<i>n(7r ex- 
tremity ]jreHeuts anything uf 
the as]>(;(‘t of the Star-fish; 



in this re^TK’ct (‘orrespoudirig ... t ^ e o, 

... ^ ^ At ^ ^‘fpntnatut (i/(ffr<f/rrn, nv a of Rtar- 

with the movements of the — «, moafli; (ps iniaoruH ; />, fates- 

phdevit of the Echinida tuad tub** und mml orifice; r, hirrow in 
otb). The temporary winch llm memf’j jh nitiuinel ; d bilobcid 
mouth of the larva does iK>t ; 1,2, ;J, 1, r>, (J, 7, oillatodamis. 


remain as the ^>erraanent 


mouth of the Star-fiah; for the ersophagus of the latter enters 
on what is to become the dorsal side of its body, and the true 

X T 2 
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moutlx is subsequently formed by the thinninj^-away of the intef^u* 
raent on its ventral surface. The young Star-fish is separatoti 
from the Bipinnarian larva by the forcilfie contractions of the 
connecting stalk, as soon as the calcareous consolidation of its 
integument has taken-place and its true mouth has been formed, 
but long before it has attained the adult condition; and as its 
ulterior dcvelf>pun-nt has not hitherto I )mi observed in any instance, 
it is not yet known what are the Hjx'cies in which this mode ot“ 
evolution prevail -i. 'Tlu' larval zooid continues active for several 
days after its detachment ; and it is jio^siblc, tliough ]>crhn]>s 
scarcely probable, that it may (bvelo]>e arndber Asteroid by a 
re])etitiori of this proce-s oF ge nmation. 

In the Bipinmina, as m other lar\al Zi>oid,s fjf the Astcriada, 
there is no internal calaiyeea^ bame-work; such a frame-work. 
however, is found in tiie lar\a* of the ////</(? and of 

which the fm*m delineated in \- i-::. ‘/.77 is an example. The embryo 
isHiies froin the ovum as soon as it lias atr>aim*d, l)y riqieated ‘ seg- 
mentation’ of tlie Yolk (sN 7)S1). llie combtion of the ‘mnlberry- 
ma«s and Ibo su]>erj;eial veils t)f tins art,‘ covensl wdth cilia. b\ 
whose ag<MJcv it swims freely tlirough the water. So impid arc the 
o.’irly lu'iwesses of de\ elupnamt, th.it no more than from twelve to 
twenty-four hours iutt'rvem^ Ixdweeu fecundation and the emersion 
of the embryo; tlie tlivision into two, t<nir, or <‘vi'n eight segments 
taking-place within tbrci' liours after im[>regnation. Wdthin a few 
hours uftf’r its omersimi, tin' embryo changt's from tin* spherical 
into a Hub-pvramidal form with a llattened base ; and in the centre 
ot this ba.se is a dopre.ssion, wbieh gianlually deepens, so us to form 
a mouth that commmiicate't with a cavitv in the interior of the 
liody, wliich is surrounded l>y a portion oi tlu' yolk~iiia.ss that has 
returned to the li(pr \ granuhir state. Subsequently a short 
intCHtinal tube found, with an anal orifice opening on one side of 
iho b(Kly. d'he pyramid i-t at first truingular, hut it afterwmrds 
becomes quadrangular; and the angles aie greatly ]>rolonged round 
the moutii (or base), whilst the apex of the pyramid is sometimes 
much extended in the oppo^jste direction, but is sometinu's rounded 
off into a kind of di‘me (Kig, ;177, a). All jxirts of this curious body, 
and especially its most projecting portmns, are strengthened by a 
frame-work of thread-like aileareous nvds (e). In this condition the 
embryo swims frwly through the wjiter, being propelled by the 
action <if the cilia, whic.h idoihe the fimr angles ot the pyramid and 
its projecting arms, and which are aometimes thickly act upon two 
or four projecting lobes ; and it has received the designation of 
The mouth is usually surrounded by a sort of proboscis, 
the angles of which are prolonged into four slender processes 
(j)f shorter than the four outer legs, but furnished with a 
similar calcareous frame-work. 

M5. The first indication of the production of the young Echinus 
from its * platens,’ is given by the formation of a circular disk 
(Fig, 377, A, c), on one side of the central stomach {h ) ; and this 
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dislc soon presents five prominent tubercles (b), which subsequently 
become elongate<l into tubular cirrhi. The disk gradually extends 
itself over the stomach, and between its cirrhi the rudiments of 
spines are s<?en to protrude ((') ; those, with the cii*rhi, increase in 

Fio. 377, 


A 



r’uj’)r\onji- of Ju'hinvs; — A, JHuUm-Un^ at 

Ihc fiTii ‘ of til** first ap}*^*arttiicc of the disk; «, UKmth iu the 
loidfit tif the foiir-pronj^ed prohoficis; />, wtomacli ; c, IkhiDoid 
disk ; d, d, d, d, four arins the pluteus-bo<ly ; c, ('alcfireous 
frame wtjrk; /, ciliated lobes; < 7 , f/, ciliated pro(‘e«jM*« of 
the proboseia ; — «, Disk with th*‘ first iudication of the cirrhi : 
— C, bisk, with the on^in of the »piije« Ixjtwecn the eirriii ; 
— more »<lvauced disk, with the cirrhi,//, aud tspnt(‘H, 3 r, pro- 
considerably from the surface, f N.B,— In », c, and n, 
thd PluteuB i» not represi>nt<'d, its parts having undergone no 
change, save in becoming relatively smaller.) 
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length, so as to project against the envelope of the plnteus, and 
to push themselves through it; whilst, at the same time, the 
original angular appendages of the pluteus diminish in size, the 
ciliary movement becomes less active, being superseded bv the 
action of the cirrhi and spines, and the moutri of the plnteus 
closes-up. By the time that the disk has grown over half of the 
gastric sphere, very little of the plutens remains, except some of the 
slender calcareous rods; and the number ot cirrhi and sjniies 
rapidly increases. Tin; ealcareons frame-work of the shell at first 
consists, like that of tlie Star-fishes, of a seric'! of isolated net- 
works dovelo]:»ed between the cirrhi; and upon these rest the first- 
formed spines (d.) But liiey gradually become more consolidated, 
and extend themselves over the granular mass, so as to form the 
jjeries of plates constituting the shell. The mouth of tlie Echinus 
(which is altogether distinct from that of the jjluteus) is forined at 
that side of the granular mass over wliich the shell is last extended ; 
and the first iiiai-'afion of it consists iii the appearance of the five 
calcareous concretions, which arc the summits of the five ]>ortions 
of the franu'-work of jaws and t(jcth that surround it. All traces 
of the original plnteus are now lost; and the larva, which now 
presents the general aspect of an Echiuoi<l animal, gradually aug- 
ments in size, multiplies the number of its plates, cirrhi, and spines, 
evolves itself into its particular generic and specific tyjxs and under- 
goes various changes of internal strncture, tending to the develop- 
ment of the cuiuplete organism. 

a. An excellent BUinniary of the developmental history of the acveral 
Kchiuoderm-types, with references to the principal Memoirs which treat 
of it, will be found in Chap. xx. of Mr, Balfour's “Comparative Embryo- 
k)gy.”~-.]n colleeting the free-sw'imming larvie of Eohmodenuata, the 
Stiek-net should Ik* carefully employed m the manner already described 
{§ 217) ; and the search for them is of course most iiktdy to lie success- 
ful in those localities in which tlio adult forms of the resj^ective species 
abound, and on warm calm days, in whieli tiiey seem to come to the 
surface in the greatest numbers. The following mode of preparing and 
mounting them has been kindly commiuuoated to the Author by Mr. 
Veroy Bladen For killing and preserving Fchinodenn zooids, f 
have come to prefer either Osrnic acid or the I'lcro-sulphuric mixture of 
Kleineiiberg l!Hh o) of one-third strength. The latter, of course, 
d^troys all caicare<>us structures ; but the soft farts are preserved in a 
wonderful manner. If the diluted Kleinenberg’s mixture is used, let the* 
zooids reuiain in it for one or two hours ; then wash them thomughhj 
in 70 per ceut. Spirit, untd all trace of acid is removed ; then stain ; then 
again wash in 70 per cent. Spirit, transfer them to 00 per cent. Spirit for 
some hours, and lastly to alisolntc Alcoliol, Transfer them from tins to Oil 
of Cioves ; and finally mount in t anatla -balsam in the usual manner. — 
IfOsmicacid bo used, place three or four of the living zooids in a watch- 
glass of sea- water, and add a drop of the I per cent, swution. They should 
not remain even in this weak solution for more than a minute ; and 
should then he thoroughly washed in a superabundance of per cent. 
8pirit, to prevent the de(»osit of crystals of salt consequent on the action 
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of the osmic acid. Then transfer the specimens to 70 per cent. Spirit ; 
and proceed as in the other case. 

546. One of the most interestini;' to the Microscopist of all Eohi- 
nodermata ia the Antethm^ (more ffoncrally known as C(*niaiHh), 
or ‘ feather-star’ (Fig. 378), which is the commonest existing re- 

Fio. nr.s. 



preaentativo of the great fossil series of CrlnoUlva, or ‘ lily-stars,’ 
that were among the most almndant tv]>es of tins class in tlie 
earlier epochs of the world’ .s history. Like these, the young of 
Antedon is attaclied by a stalk to a fixed base, as shown in 
Fig. 37;) ; but when it 1ms arrive<l at a certain stage of development, 
it drops oif from this like a fruit frf>m its stalk ; and the animal is 
thenceforth free to rn^ve through the ocean-water it inhabits. It 
can swdm with considerabh? activity ; bub it exerts this power 
chiefly to gain a suitable place for attaching itself by mean.y of the 
jointed prehensile cirrhi put forth from the underside of the central 
disk (Fig, 378) ; so that, notwithstanding its locomotive power, it is 
nearly as stationary in its free adult condition, as it is in its earlier 

• Tlie Author has found hiins^df by the accepted rnles of ! 

nomonclaturc*, U) ad(^t the de}4igu;iti(>ii AMe^ion, iiiKtead of tb<i much better 
known and very appropriate name givi‘u to thl'» typo by liamarijk. 8e* bis 
* Ueaearches on the Structure, rhy»iol<,;ry, and Development of Antedon rom- 
eewi,’ Part I., in “Philos. Transact,” IsOd, p. 071. 
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Pentacnnoid stage. l!hQpent(m^inoid first discovered by 

Mr. J. V. Thompson, of Cork, in 1823, bnt originaily Bupposed by 

him to beapermanently-attached 
Fio, 870. Orinoid — forms a most beautiful 



object for the lower powers of 
the Microscope, when well pre- 
served in fluia, and viewed by a 
strong incident light (Plato xxi., 
fig. 3) ; and a series of specimens 
in different stages of develop- 
ment sh' 'ws most curious modi- 
fications in the form and arrange- 
ment of the various component 
pieces of its calcareous skeleton. 
In its earliest stage (Pig. 379, a), 
the body is enclosed in a calyx 
composed of two circles of plates ; 
namely, five hamls, forming a 
sort of pyramid whose apex 
points downwards, and is at- 
tached to the higliest joint of 
the stem : and five unde super- 
posed on these, forming when 
closed a lilvO pyramid whose 
apex points upwards, but usually 
separating to give passage to the 
tentacles, of which a circlet sur- 
rounds the mouth. In this con- 
dition there is no rudiment of 


Oinoid LiU'va (if m — .v, i:, e, arms, lu the more advanced 

Miccessive stiigoh of dvvc'lojHu. iit. stage shown at J3, the arms 

have begun to make their ap- 
pearance ; and the skeleton, when carefully examined is fonnd 
lo consist of the following pieces, as shown in I*late xxi., fig, 1 : — 
hf the circlet of IxieulH supjkorted on the top of the stem ; 
the circlet ofjiret radude, now interposed between the basals and 
the orals, and alternating with both ; between two of these is inter- 
posed the single anal plate, o ; whilst they support the senmd and 
the third ritdials {r\ from the latter ofSvhich the bifurcating 
arms spring ; finally, between tbe second radials we see the five orale, 
lifted from the ba.sals on which they originally rested, by the inter- 
position of the first radials. In the more advanced stage shown in 
Fig, 370, c, and on a larger scale in Plate xxi., figs. 2, 3, we find 
the highest joint of the stem beginning to enlarge, to form the 
miiro^dorml plate {fig. 2, c <?)» from which are beginning to spring 


• Hie Pentaerinoid larvap of Aatnim havci beea {ouad%buiHlaiitly (attached 
toSea-woeds aod ZcK)pliytc8) at Millwrt on the Ulyde, and in Pay, 

Amn*, in Kirkwall Bay, Orkney; in I.onph Stmngfurd, nvRr and in 

the of Cork ; and at IKincombe, and in Salcom^ Bay, Devon. 
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the dorsal cirrhi (ri r), that servo to anchor the animal when it 
drops from the stem; this supports the hastilti {h)^ on which rest 
the first raduih (r^) ; whilst the a wd plate ((r) is now lilted nearly 
to the level of the spcoud radlaJs (r-), by the development of the 
anal funnel or vent (v) to which it is attached. The oral plates are 
not at first apparent, as they no longer occn])y their first position; 
but on being carefully looked-ior, they are found still to form a 
circlet around the mouth (fig. I>, f», o), not having undergone any 
increase in size, whil.st the visceral disk and the calyx in which it 
is lodged have greatly extended. I’liesc and plates finally dis* ** 
apjiear by absorption ; while the hasalt^ arc at first concealed by the 
gx’eat enlargement of tlie cenlro-dorsal (wbicli finally extends so far 
as to conceal the first radials also); and at last undergo metamor- 
phosis into a beautiful ‘ rosette,’ which lies between the cavity of 
the centro-dorsal and that of the calyx, - In common with other 
members of its Class, tlie Aufedou is rejn-esented in its earliest 
phase of development f)y a free-swimming ‘ larval zookV or psondem- 
hryo, which was first] observed by Bus(di.a,nd lias be<ni Hiuce carefully 
studied by Prof. Wyville 'i’hotnson* and Oootte.t This zooid has an 
elongate<l egg-like form, and is fnriiislKMl with transverse bauds 
of cilia, and with a mouth and anus of its own. After a time, 
however, rudiments of the calcan-ons ])latc.s forming the stem and 
calyx liegin to show themselves in its interior ; a disk is then 
formed at the posterior extremity, by which it attaches itself to a 
Sea-weed (very commonly Lnmluarla), Zoophyte, or Polyzoary ; 
the calyx, containing the true slxirnach, with its central mouth 
surrounded by tentacles, is gradually evolved; and the sareodic 
substance of tin* ])K<‘ndembryo, by which this calyx and the rudi- 
mentary stem were originally iiiveHU‘d, gradually shrinks, until the 
young Pentacrinoid jiresents it.self in its characteristic form and 
proportions. ^ 


* ‘On the Develoiiment of Anftdon rosaccm' in “ rhilos. Triuieact.’' f(»r 
18(55, i*. 513. 

t “ Archiv. f. Mikrosk. Anat.,” T’kI. xiL, p. 5S3. 

J Tin* gewenil rc-hnlt.s t»f the Authur'rtu\Nn I;it»'r stndi(*sof this most int<‘rcKting 
tyj>e(tho key to the life-hihtory of the <>nlire (ieologieal micrt'SKion of Crinnifiea ) 
Jim enilxxlied in a notice comnianiratc‘1 to th<‘ “ Troceediiigs of the Iloyal 
Society,” for jj. 211, nnd in a subs« «jueitt note, p. 451. Of the further 

f^ontributious recently ma^e to onr kiu>\\ l»-u;re of it, th(> Memoir of J)r. H. 
Ludwig ‘Zur Anatomic dcr (hinoidceu’ (Leipr.ir, 1H77), forming part of his 

** Morjihologischt; Studicn an Echinodermeu,” is the most iiujiortauL 
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POIAZO.V AND TINICATA. 

547. At tlic lower oxirctnity of the groat Hcrios of Mcjlluscou^ 
animals, we find two vf‘ry remarkable grou]»s, wtiose mode of life 
has much iu common with Zoo[>h,ytes, whilst their type of struc- 
ture is comformablo in essential j)articulurs to tliat of the true 
Molliisks. These finimals iiro lor tin* most part microscopic in 
their diuKmHioiis ; ami as some members of both these groups are 
found cm almost every coast, and are most interesting objects for 
anatomical examination, as well as for observation in the living 
state, a brief general accumit of them will be here a]>propriate. 

544S. PoiAZoA. 'I’he grouj» which is known, under tljis name to 
Dritish naturalists (corresponding with that which })y Continental 
Zoologists is designated ib’.’/o.ven) was formerly rariked as an order 
of Zoophytes ; and it has been entirely by Microscopic study that 
its comparatively high organization has been ascertained. — The 
animals of the Pulyzua, iu eoiise^uence ot their universal tendency 
to mtilti[)lieation by gemmation, are seldom or never found solitary, 
but form clusters (»r coloiiie.'? or various kinds; and as each is 
enclosed in either a horny or a eab*areoiis sheath or ‘ cell,’ a com- 
posite structure is ibriued, closely <‘orrespontling with the‘poly- 
pidom’ of a Zoophyte, which lias b<*en appropriately designated 
the polipxinj. 'I’he individual cells of the polyzoary are sometimes 
only connected with (*ach other hy their common relation to a 
creeping stem or as in /juge/owbr (Idate wii.) ; hut more 

frequently they bnd-forth dnvctlv, one from another, and extend 
tliemwlves in different directions over plane surfaces, as is thi^ 
case with J’/as/ne, Leprmiit, Xc, (Fig. dSO) ; whilst nut unfre- 
miently the polyzoary develojics itself into ar arborescent structure 
(Fig. dSl), which may even present somewhat of the density and 
masaiveness of the Stony florals. Each individual, designated as 
a or |wly]>c-liko animal, is emnposed e-xbumally of a sort 

of sac, of whiem the outer or tegnmentary layer is either simply 
membranous, or m homy, or iu stune instances calcified, so as 
to form the Cidl; this investing sac is lined bv a more delicate 
membrane, wliioh closes its orifice, and T.vluoh then becomes 
continuous with the wall of the alimentary canal ; this lies freely 
iu the visceral sac, floating (as it were) in the liquid which it 
contains. 
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549, The principal features in the structure of this group will 
ho best understood from tho examination of a characteristic ex- 
ample, such as the Lafjnnctda repens ; which is shown in the state 
of expansion at a, Plate xxii., and in the state of contraction at 

Fig. 



(V'jls of Lrpra)/<r; • ~~A, L. Jlffiulmunni ; Ji, L. ; C, L. t'crrucoSff. 

11 and c. The mouth is surrounded by a circle of tubular tentacle s 
which are clothed by vibratile cilia ; tlicse tentacles, in the species 
we are considering, vary from ten to twelve in number, but in some 
other instances they arc more numerous. By the ciliary invest- 
ment of the tentacles, tho Folyzoa are at once distinguishable from 
those Hvdroid polypes to which they bear a superficial rosemblancu, 
and with which they were at one time confounded; and ac‘cordingly, 
whilst still ranked among Zoophytes, they were characterized 
as ciViohrarhlate. Thc^tentacnla are seated upon an annular disk, 
which is termed the lophophore, and which fonns the roof of the 
visceral or perigastric cavity ; and this cavity extends itself intf> 
the interior of the tentacula, through perforations in tho lopho- 
phore, as is shown at n, Plate xxii., representing a portion of the 
tentacular circle on a larger scale, a a being the &ntacnla, b h their 
internal canals, c the muscles of the tentacula, d the lophophore, 
and e its retractile muscles. The month situated in the centre of 
Uie lophophore, asfchown at a, leads to a funuel-shai>ed cavity or 
pharynx, which is separated from the ccsophagns, d, by a valve 
at c; and this oesophagus opens into the stomach c, which occupies 
a considerable part of the visceral cavity. (In the Bowerhanhia 
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atjd some other Polyzoa, a muscular stomach or gizzard for the 
trituration of the food intervenes between the cosophagus and the 
tra© digestive stomach.) The walls of the stomach, h, have con- 
siderable thickness ; and they are besot with minute lollicks, which 
seem to have the character of a rudimentary liver. This, however, 
is more obvious in some other members of the group. The stomach 
is lined, especially at its upper ]jart, with vibraiile cilia, as seen at 
and by the action oi these the food is kept in a state of 
constant agitation during the iiigestivc process. Prom the upper 
part of the stomach, which is (as it were) doubled upon itself, the 
intestine i opens, by a pylonc orifice,/, which is furnished with a 
regular valve ; within the iiif.e.stine arc seen at I: particles of cxcre- 
mentitious matter, wliicli art* dkcharged by the anal oriiice at L 
Xo special circulating apparatus liere exists; l)nt the liquid 
which fills the cavity that surrounds the xiscera contains the 
nutritive} matter which has been ]>rei>arcd by the digt'siiye opera- 
tion, and which has transuded through the x\alls of tlm alimentary 
canal ; a few corpuscles ol irregular size are seen tt) lloat in it. 
The visceral sacs of the ditfereut polypides put forth from the 
same stem appear to ctuumuuicate with each other. No otlujr 
respiratory organs exist than the toutacula ; into whose cavity 
the nutritive fluid is probably sent from the perivisceral cavity, 
for aeration by the current of water that is continually flowing 
over thorn. 

550. The production of gemmiv or buds may take ]>lace either 
from the bodies of the p(dvpides themselves, which is what always 
happens when the colls are in mutual apposition ; or from the con- 
necting stem or * stolon,' where the cells are distinct one from the 
other as in Laguncuhi, In the latter case there is first seen a 
bud-liko jirotu bora ace of the horny external integument, into 
which the soft membranous lining'prolongs itself ; the cavity thus 
formed, however, is not to become las in Hydra and its allies) the 
Htoxnach of the new zooid ; hut it constitutes the chamber sur- 
rounding the digestive viscera, which organs have their origin in a 
thickening of the lining membrane, that projects from one side of 
the cavity into its interior, and gradually shapes itself into the 
alimentary canal with its tentacular apj^endages. Of the pro- 
duction of gemmm from the p<dypide3 themselves, the best ex- 
amples are furnisshed by the Flinttnu and ^ their allies. From a 
single cell of the Flustra, five such buds may be sent-off, which 
develop© themselves into new pulypidea around it ; and these, in 
their turn, produce buds from their unattached margins, so as 
rapidly to augment the number of cells. To this extension there 
seems no deEuite limit ; and it often happens that the cells in the 
(^ntral portion of the leaf-like expansion of a Flustra are devoid 
of contents and have lost their vitality, whilst Jthe edges are in a 
state of active growth. — Inde|>endeiitly of their propagation by 
gemmation^ the Folyzoa have a true sexual generation ; the sexes, 
nowever, b^g usually, if not invariably, united in the same 
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polypides. Tlio sperm-cells are developed in a glandular body, the 
testis m, wliicb. lies beneath the base ot the stomach ; when mature 
they rupture, and set free the spermatozoa q q, which swims freely 
in the liquid of the visceral cavity. The ova, on the other hand, 
are formed in an ovarium n, which is lodged in the membrane 
lining the teguraentary slieath near its outlet; the ova, having 
escaped from this into the visceral cavity, as at o, are fertilized by 
the spermatozoa which they tliere moot with ; and are linally dis- 
ciiarged by an outlet at p, beneath tlu' tentacular circle. 

551. These creatures ])osschs a consid»irable number of muscles, 
by which their bodies may l>e ]irojcctcd from their sheaths, or drawn 
within them ; ot‘ these muscles, r, s, /, ?«, v, in, x, the direction 
and points of attacliment sulficicntly indicate the uses; they are 
for tiie most part rr'//*<fc/-irs, serving to draw-in and double-up the 
body, to fold -together the circle of tentacula, and to close the aper- 
ture of the sheath, when tlie animal lins been complchdy withdrawn 
into its interior. The projrdUni and v.npansion of the animal, on 
the contrary, appear to bo chielly accomjdishod hy a general pres- 
sure upon the sheath, which will teml to force-out all that can 
be expelled from it. 'Jlie tentacles themselves are furnished with 
distinct iimscular fibres, by which their sof>arate movements seem 
to be produced. At the base of the tentacular circle, just above 
the anal orifice, is a small bcaly (seen at a, a), wlnVli is a nervous 
ganglion ; as yet no branches have been distinctly seen to be con- 
nected with it in ibis sj)ecies; but its eharacter is less doubtful in 
some other rdyzoa. — besides the indcpemlerit movements of the 
individual polyj>ides, other movements may bo observed, which are 
]>erformed by so many of them Himultaneoiisly, as to indicate the 
e.xistence of some connecting agency ; and such connecting agency, 
it is afRrmcd l)y Dr. Dritz Muller,'*' is furnished by what he terms a 
‘colonial-nervous system/ In a Seriahiria having a branching 
polyzoary that spreads itself on sea- weeds over a space of three or 
four indies, he states that a nervous ganglion may bo distinguished 
at the origin of each branch, and another ganglion at the origin of 
each poly])ide*bud ; all these ganglia being connected together, not 
merely by principal trunks, but also by plexuses of nerve-fibres, 
which may be distinctly made-out witb the aid of Chromic acid in 
the cylindrical joints of the polyzoary. His views, however, have 
not been universally accepted ; some observers still maintaining that 
what he regards as nerve-fibres are only connective tissue. 

552. Of all the Polyzoa of our own coasts, the Flustroi or ‘ sea- 
naats’ are the most common ; these present flat expanded surfaces, 
resembling in form those of many sea-weeds (for which they are 
often mistaken), but exhibiting, when viewed with even a low mag- 
nifying power, a most beautiful network, which at once indicates 
their real character. The cells are arranged on both sides ; and it 
was calculated by Br. Grant, that as a single square inch of an 

* Seo bis Memoir' in “Wiegmanics Archiv.,” 1800, p. 811; translated in 
“ Quart. Jouru. of Miorosc. Science,” New Ser., VoL i (18C1), p. 300. 
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ordinary Flnstra contains 1800 snch cells^ and as an average speci- 
men presents about 10 square inches of surface, it will consist of 
no fewer than 18,000 jx)lypide8. The want of transparence in the 
cell-wall, however, and the infrequency with which the animal pro- 
jects its body far beyond the mouth of the cell, render the Polyzoa 
of this genus Jess favourable Bubjects for microscopic examination 
than are those of the Jlirwcrhimhui^ a l^olyzoon with a trailing stem 
and separated cells like those of Laguncula, which is very commonly 
found clustering around the base of masses of Fiustric. It was in 
this that many of the details of the organization of ilie interesting 
group we are considering were first studied by Dr. A. Parre, who 
discovered it in 1837, and subjected it to a far more minute exami- 
nation than any Polyzoon had previously received;’*' and it is on<^ 
of the best-adjipU'd of all the marine forms yet known, f(jr the 
display of the J)eaulies and wonders of this type of organization.— 
The (formerly called Alcyonidimn). however, is one 

of the most remarkable of all the nianiH' I'orins for the compara- 
tively large size of the tentacular crowns ; these, when expanded, 
being very distinctly visible to the naked eye, and presenting a 
Hpectacle of the greatest beauty when viewed under a sufficient 
nuignifying power. The polyzoaiy of this genus has a spongj^ 
aH])ect and texture, very much reseniblmg that of certain Alcyouian 
Zoophytes (§ .vld), fur which it might readily be mistaken when its 
con Uined animals are all withdrawn into tlieir cells; when these 
are expanded, however, tlie aspect of the two is altogether different, 
U8 the minute plumose tufts which tlien issTic from the surface of the 
Halodoctylns, making it look as if il were covered with the most 
delicate downy film, arc in .striking contrast with the larger, solid- 
looking polypes of the Aku ouiuin. The opacity of“ tlie polyzoary 
of the Ilalodactylus renders it quite iinsuitublo for the examination 
of anything more than the tentacular crowii and the oesophagus 
which it surmounts ; the stomach and the remainder of the visceral 
apparatus being always retained within the cell. It furnishes, 
however, a most l>eautiful obiect for llie Binocular Microscope, whem 
mounted with all its polyjndes expanded, in the manner described 
in § 521. — Several of the fresh- water Polyzoa are peculiarly inte- 
resting subjects for Microscopic examination ; alike on account of 
the remarkable distinctness with which the various parts of their 
organization may be seen, and the very beautiful manner in which 
their ciliated tentacula are arranged upon a deeply -crescentic or 
horseshoe-shaped lophophorc. By this |>eculiarity the fresh-water 
Polyzoa are separated as a distinct sub-class from the marine; the 
former J>eing designated as }{ rppocrepia (liorseshoedike), while the 
latter ate termed hijundihuhiia (funnel-like). The cells of the Hippo- 
crepia are for the most part lodged in a si'>rt of gelatinous sub- 
stratum, which spreads over the leaves of aquatic jilauts, sometimes 
forming masses of considerable size ; but in the very ciirions and 

• hia Memoir ‘On tlicSiiuiite Structure of Borne of tin- liig-faer forms of 
Polypi,’ in the “ Philosophictil Tvausactious” for lt537, p. Ssi . 
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beautiful Cnstatclla^ the pol^’zoary ia unattached, so as to bo 
capable of moving' freely through the water.’*^ 

55'b The Inf andihuhUa or Slarine Polyzoa, constituting by far 
the most unmerous division of the class, are divided into four 
Orders, as follows: — i. Chvlinifomaia^ in which the mouth of tlic 
cell is a nh-ferminaf or not quite at its extremity (Fig. 380), is 
somewhat crescentic in form, and is furnished with a moveable (gene- 
rally membranous) lip, which closes it when the animal retreats. 
This includes a large ])art of the spceics that most abound on our 
owu coasts, notwi til standing their wide (Jlirerences in form and 
habit. Tims the polyzoaries of some (as Flnsfra) are horny and 
ilexible, whilst those of others (as Earharn ami lUii‘i)ora) are bo 
penetrated with calcareous matter as to bo quite rigid ; some grow 
as independent plaut-lihe structures (as JUnjahi and GrnheMaTUi)^ 
whilst others, having a like arboreseent form, creep over the sur- 
faces of rocks or stones (as Ifipjxtfhon); and others, again, have 
their Cells in close a{)po.sitiou, and fonn crusts which possess no 
ilehnite figure (as is the case with Lrprah'a and Mcmhmnipoi'a ). — 
n. The second order, Ciji'hfMiniutiiiy cousisis of those IMyzoa which 
have the mouth at the toDiinudion of tubular calcareous cells, 
without any mcwcahlo a]i])endag<* or lip (Fig. 381). This includes a 
comparatively small number of genera, of which Cn'sla and Tnbn- 
!ip(/rii contain the largest pro]>orlion of the species that occur on onr 
own coasts.—iii. 3'he distinguishing character of the third order, 
(JienosoiiKftdt is derived from the ])resenco of a comb-like circular 
iringo of bristles, connected by a delicate membrane, around the 
mouth of the cell, when the nuimal is projected from it ; this fringe 
being drawn-in when llie animal is retracted, d'he Polyzoaries of 
this group are very various in character, the cells being sometimes 
horny and separate (as in jAtr/nunthi and Euv:iirbanli(i)y sometimea 
iieshy and coalescent (as in llabuhu Itjlns ). — 1 \ . In the foin*th order, 
iWfee/bho m, which includes only a single ffenm, J*edtcdlina, the 
jo])hophore is produced upwards on the back of the tentacles, 
uniting them at their base in a sort of muscular calyx, and giving 
TO the animal when expanded somewhat the. form of an inverted 
bell, like that of Voiilcdla (Fig. 3>0b). — As the Polyzoa alto^ethei 
resemble Hydroid Zoophytes in tbelr habits, and are found m the 
same localities, it is not requisite to add anything to what has 
already been said (§ 5*2J), respecting the colh‘eliou, examination, and 
mounting of this very interesting class of objects.f 

ool. A large proportion of the Polyzoa of the first Order are 

♦ Son Prof. Allman’s lieautiful Mnnopraph of the British Frosh-water 
Polyzoa,” publiBbed by the Bay Society, 18o7. 

tPor a more detailed account of the Htructuro and ClaRHification of the Marino 
Polvzoa, sec Prof. Van lieneden’s ‘Rccherches sur les Bryozoaires do la C'dto 
d’Ostoude,’ in do rAca(L J^^oy. do Bruxelles,” tom. xvii. ; Mr. d. Busk’s 

“Catalogue of tlio Maftne Polyzoa in the Collection of the British Museum;” 
Mr. Hincks’s “ British Marino Polyzoa/* 1880 ; and Nitsche, ‘BoitHlge zur 
keniitniss der Bryozoi'H,’ in “Zeitschrift f. wiss Zook,” Bdc. xx., xxi„ xxiv. 



656 


AVICULARIA OF FOLYZOA. 


furnished with very peculiar motile appenda<?es, which are of two 
kinds, avijmlaria and vih'amla. The aviculai-ia or ‘hird’s-head 
processes,* so named from the strikinpr resemblance they present 
to the head and jaws of a bird (Fig. 381, i’.), are generally 


Fio. 3S1. 



A, Pui tii'ii of ( (lluhirm ah'nfa, ; U, out' of 

‘ birtrs- hfU'l’ procoSM’S of Uufft/ln arirnfonfi^ iiioio biglily 
ana seen in tbonct of gruRping jinotlun-. 

‘sessile* upon the angJea or margins of the cells, that is, are 
attached at once to them without the intervention of a stalk, as 
at A, being either ‘projecting’ or ‘immersed;* but in the genera 
Bifguld and Birelhrin, where they are present at all, they are 
* pedunculate,* or mounted on footstalks (nj. Under one form or 
the other, they are wanting in but few of the genera belonging to 
this order; and their presence or absence furnishes valuable 
characters for the discrimination of species. Each avicularium 
has two * mandibles, ’ of which one is fixed, like the upper jaw of a 
bird, the other moveable, like its lower jaw ; the latter is opened 
and closed by two sets of muscles which are seen in the intenor of 
the * head and between them is a peculiar body, furnished with 
a pencil of bristles, which is probably a tactile organ, being brouj^ht 
forwards when the mouth is open, so that the bristles project 
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beyond it, and being drawn-back when the mandible cloaea. The 
avicularia keep np a continual enapping action during the life of 
the polyzoary ; and they may often be observed to lay hold of 
minute Worms or other bodies, sometimes even closing upon the 
beaks of adjacent organs of the same kind, as shown at b. In the 
l>edunculato forms, besides the snapping action, there is a continual 
rhythmical nodding of the head upon the stalk ; and few spectacles 
are more curious than a ])ortion of the polyzoary of Ihujula 
avicularia (a very common British species) in a state of active 
vitality, when viewed under a power sufficiently low to allow a 
number of these bodies to be in sight at once. It is still very 
doubtful what is their precise function in the economy of the 
animal; whether it is to retain within the roach of the ciliary 
current, bodies that may serve as food ; or whether it is, like the 
Pedicellarite of Kchini (§ to remove extraneous particles that 
may be in contact with the surface of the ]>olyzoary. The latter 
would seem to bo tlie function of the vUn'di’nla, which are long 
bristle-shaped organs (Pig. b8(), a), each one springing at its base 
out of a sort of cup that contains muscles by which it is kept in 
almost constant motion, sweeping slowly and carefully over the 
surface of the polyzoary, and ixmiovirig wliat might be injurious 
to the delicate inhabitants of the cells when tlunr bmtacles are 
protruded. Out of l‘.M species of Oheilustoraatous ]‘olyzoa de- 
scribed by .Mr. Busk, no fewer than 120 are furiushed cither with 
Avicularia, or with Vibracula, or with both these organs.* 

bob. 'i'0Ni(:\TA. -Tlie 'runicated Mollusca arc so named from the 
enclosure of their liodies in a ‘ tunic,’ which is sometimes leathery 
or even cartilaginous in its texture, and which very commonly 
includes calcareous spicules, wliose forms arc often very beautiful. 
They present a strong resemblance to the Polyzoa, not merely in 
their general plan cd’ conformation, but also in their tendency to 
jirodnce composite structures })y gemmation ; they arc differentiated 
from them, however, by the absence of the ciliate<l tentacles which 
form so conspicuous a feature in the external aspect of the 
Polyzoa, by the presence of a distinct circulating apparatus, and 
by their jsicnliar respiratory apj)aratus, which may be regarded as 
a dilatation of their pharynx. In their habits, too, they are for the 
most part very inactive, exhibiting scarcely anything comparable 
to those rapid movem^its of expansion and retraction which it is 
so interesting to watch among the Bolyzoa ; whilst, with the excep- 
tion of the Snlpidte and other llf»atiiig sj>ecie8 which are chiefly 
found in seas warmer than those that surround our coast, and the 
curious Append iculari a to be presently noticed (§ 560), they are 
rooted to one spot during all but the earliest period of their Jives. 
The larger forms of the AscAdian group, which constitutes the bulk 

♦ See Mr. G. Bu.sk*^ * Remarks on the Structure stkI Funriion of the Avicn- 
larian and Vibracular Owns of Polyzoa,* in “Transact, of Microec. tfoc.,'* 
Ser. % Vol. ii. (1«54), p. 2G. 
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of the class, are always solitary ; either not propagating by gem- 
mation at all, or, if this process does take place, the gemmas being 
detached before they have advanced far in their development. — 
Although of special importance to the Comparative Anatomist 
and the Zoologist, this group docs not afford much to interest the 
ordinary Microscopist, except in the peculiar actions of its 
respiratory and circulatory apparatus. In common with the 
composite forms of the group, the solitary Ascidians have a large 
branchial sac, with fissured walls, resembling that shown in 
Pigs. 382 and 384 ; into this sac water is admitted by the oral 
orifice, and a large proportion of it is caused to pass through the 
fissures, by the agency of the cilia with which they are fringed, 
into a Rurroundiug chamber, whence it is expelled through the 
anal orifice. This action may Ije distinctly watched through the 
external walls in the smaller and more transparent species ; and 
not even the ciliary action of the tentacles of the Polyzoa affords a 
more beautiful 8])ectaclo. It is peculiarly remarkable in one species 
that occurs on our own coasts, the At^cidht ])andlelogramma* in 
which the wall of the branchial sac is divided into a number of 
areolie, each of them shaped into a shallow funnel; and round one 
of tliese funnels each branchial fissure makes two or three turns of 
a spiral. When the cilia of all these spiral fissures are in active 
movement at once, the effect is most singular. — Another most 
remarkable phenomenon presented throughout the group, and well 
seen in the solitary Asddian just referred-to, is the aUernatioit 
in the direction of the (lirculatiou. The heart, whicli lies at the 
hotbom of the branchial sac, is composed of two chambers im- 
])erfectly divided from each other; one of these is connected with 
the principal trunk leading to the body, and the other with that 
lea^hng to the branchial sac. At one time it will be seen that the 
blood flows frovi the respiratory apparatus to the cavity of the 
heart in which its truuk terminates, which then contracts so as to 
drive it into the other cavity, which in its turn contracts and pro- 
pels it through the systemic trunk in the body at large ; but after 
this course has been maintained for a time, the heart ceases to 
pulsate for a moment or two, and the course is reversed, the blood 
Sowing into the heart frvui, the body generally, and being propelled 
' to the branchial sac. After this reversed course has continued for 
some time, another pause occurs, and the first course is resumed 
Tlie length of time interveuing between the changes does not seem 
by any means constant. It is usually stated at from half-a-minute 
to two minutes in the eomjiosite forms ; but in the solitary Ascldia 
paralkhgramvia (a species very common in Lumlash Bay, Arran), 
the Author has repeatedly observed an interval of from five to 
fifteen minutes, and in some instances he has seen the circulation 
go-on for half-an-hour, or even longer, without change, — always, 
however, reversing at last, 

• 8<h» Alder in “Ann. of Nat. Hist,,” 3rd Ser., Vol. xi: (1863), p, 157 ; and 
Hancock in Jonm. of Linn. Soc.,'^ Vol. ix. p. 333. 
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556. The Gompomid Ascid'mm are very commouly found adherent 
to Sea-weed8» Zoophytes, and stones between the tide-marks ; anti 
they present objects of great interest to the Microscopist, since 
the small size and transparence of their bodies when they are 

Fig. «82. 



( ’ompoun'i of .i)U(u\nic'inm jiroUferuin 

witli tin'. aiuit<tiny (tf a siujxli* zooid : a, tfiorax . 
H, alKioiiicn ; C, ]K)st-ab(l(>iU('H : — f, oral orifice; 
c, brancliial sjic ; /, fhoracic hiiiu*^ ; /, aual orifice ; 
i\ projection ovcrluiupnp; it; norvouK p:an- 
jjliou ; A*, (Rsopba^us ; /, Hlomaoli hurroundtul l>v 
biliary tnlniU ; m, intestine.; u, termination et 
intestine in cloaca; o, licart ; o', pericardimn : 
yj, ovarinni ; j)\ cfrp; rejidy to escape ; f/, testis . 
r, sp<;rnnitic canal; /, teriniuation of tins canal 
in tho cloa(;a. 

detached from the mass in which tlno' 
are imbedded, not only enables their 
structure to be clearly discerned without 
dissection, but allows many of their living 
actions to be watched. Of these we haY(‘ 
a characteristic example in Anioroitrlu^u 
proVferoM ; of which the form of the com- 
posite mass and the anatomy of a single 
individual are displayed in Fig. U82. Its 
clusters a[>pear almost completely inani- 
mate, exhibiting no verjiobvious movements 
when irritated ; but if they bo placed when 
fresh in sea-water, a slight ]>outiag of the 
orifices will soon be jierceptible, and a con- 
«tant and energetic series of currents will 
be found to enter by one set and to be 
ejected by the other, indicating that all 
the machineiy of ^tive life is going-on 
within these apametic bodies. In the 
tribe of Pohjdhiiams to which this genus 
belongs, the body is elongated, and may 

u u 2 
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bo divided into three regions, the thorax (a) which is chiefly 
occupied by the respiratory sac, the abdomen (b) which contains 
the digestive apparatus, and the post-abdomen (c) in which 
the heart and generative organs are lodged. At the summit of 
the thorax is seen the oral orifice r, which leads to the branchial 
sac e ; this is perforated by an immense number of slits, which 
allow part of the water to pass into the space between the' 
branchial sac and the muscular mantle, where it is especially col- 
lected in the thoracic sinus, f. At h is seen the wsopliagus, which 
is continuous with the lower part of the pharyngeal cavity ; this 
leads to the stomach I, which is surrounded by biliary follicles ; 
and from this passcs-oir the intestine n/, which terminates at n in 
the cloaca, or common vent. A current of water is continiuilly 
drawn ‘in through the mouth liy the action of the cilia of the 
branchial sac and of the aliuicnlary canal ; a part of this current 
passes through the tissuics of the branchial sac into the thoracic 
sinus, and thence into the cloaca ; whilst another portion, entering 
the stomach by an ajierturo at the bottom of the ])haryngeul sac, 
}aisHes through tin; ahmentavy canal, giving up any nutritive 
materials it may contain, and carrying away wdth it any excrcinen- 
titiouH matter to be discharged ; and this having met the respira- 
tory current in the cloaca, the two mingled currents pass forth 
together by IIjc anal orilice /. The long post-abdomen is principally 
occupit'd by tlie large ovarium, p, which contain ova in various 
stages C)f develo])mciit. These, wlien matured and set-free, find 
their way into the cloaca; where two large ova are seen (one 
marked p', and the other immediately below it) waiting for exjiul- 
sion. In this j'osition tluw receive the fertilizing iiiHuence from the 
testis, fj, which discharges its products by the long spermatic canal, 
that opens into the cloaca, r'. At the very bottom of the post- 
abdomen wo find the lioarl, o, enclosed in its pericardium, o \ — In 
the group we are now considering, a number of such animals are 
imheddecl together in a sort of gelatinous mass, and covered with 
an integument common to them all; the composition of this gela- 
tinous substance is remarkable as including CTdluiose, which 
generally ranks as a N'egctable ]»rodnct. 'fhe mode in which new 
individuals are developed in this mass, is by the extension of eiolovtf 
or creeping stems from the buses of those previously existing ; 
and from each of these stolons several buds luay be put-forth, every 
one of which may'- evolve itself into the likeness of the stock from 
which it proceeded, and may in its turn increase and multiply after 
the same fashion. A communication between the circulating systems 
of the different individuals is kept-up, through their connecting 
stems, during the whole of life; amt thus their relationship to 
each other is somewhat like that of the several polypes on the 
polypidom of a Camimnulnria {§ 510). ^ 

557. In the family of I)ide7nnianH the post-abdomen is absent, 
th») heart and generative apparatus beluff placed by the side of the 
Intestine in the abdominal portion of the body. The zooids are 



COMPOUND ASCIDLVNS BOTUYLLUNS* m 

frequently arranged in star-sliapod clasterj?, their anal orilicos being 
all directed towards a common vent which occupies the centre,— 
This shortening is still more remarkable, however, in the {amil 3 f of 
Bott'iflUana, whose beautiful sUdlate gelatinous iucru stations are 
extremely common upon Sea- weeds and submerged I'ocks (Fig. 3! 



notruUm riohc<‘tu:—A, <*lu8(<'r on the surfano of a Fuciia i>r;rUtjJ 4 
of tile Hinun enlarged. 

The anatomy of these animals is very similar to that of the 
Ani^iiroiir.uint already described; with this exception, that the 
body exhibits no distinction of cavities, all the organs being bronght 
together in one, which must be considered as thoracic. In this 
respect there is an evident approximation towards the solitary 
species.* _ .... . , , 

558. This approximation is still clo.scr, however, in the * social 
Ascklians, or CliwdluMv, ; in which the general plan of structure 
is nearly the same, but the zooids are simjdy connected by their 
stolons (Fig. dSl), instead of being included in a common invest- 
ment; so that their relation to each other is very nearly the same 
as that of the polyiiiles of h'i(jtincida{^ 5 td), the chief difference 
being that a regular ciroulation takesqdace through the stolon in 
the one case, such as has no existence in the other. A better 
opportunity of studying the living actions of the Ascidians can 
scarcely be found, than that whict is afforded by the genus Pero- 
phora, first discovered by Mr. Lister ; which occurs not unfrequently 

♦ For more special informatioD respecting the Compound AscUltang^ »e(? 
especially the adniimble Monograph of Prof, Milue-Edwards on that gmop; 
Mr. Lister’s Memoir ‘On the Stnmturc and Functions of Tubular and Oellular 
j’oJynL and of Ascidiie,’ in the “Philos. Transact,'' 1884 ; aud the Art. 

by Prof. T. Rupert Jones, in the “Oyclop»dia of Anatomy and PhysioUigy. 
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on ilie south coast of England and in the Irish Sea, living attached 
to Sea-weeds, and looking like an assemblage of minute globules of 
jelly, dotted with orange and brown, and linked by a silvery wind- 
ing thread. The isolation of the body of each zooid from that of 
its fellows, and the extreme transparence of its tunics, not only 
enable the movements of fluid within the body to be distinctly dis- 
cerned, ])nt also allow the action of the cilia that border tlie slits of 
the respiratory sac to be clearly madc-ont. 'J'his sac is perforated 
with four rows of narrow oval openings, through whicdi a j»ortioij 

Fig. 



A, nnmp of Perojfhora throwing' from fi common stalk : — . 

n, rerophoro ; a, test ; 0, iuinT hhc ; bmucUial sac, attached to 

the inner £»nc along Ihc line <■' e e, lingcr-likc procesNcs projecting 
inwards; /, cavit^N U'twcfn test and internal coat; anal orifice or 
Jnnnel; //, onil orifice; //', ouil {••iitaculu; A, downward Ktreumof food; 

//, icsopiiagus ; j, shmmeii : /., vent; /, ovary (?) vessohi connect- 
ing the circulation in the bialy that in the stalk. 

of the water that enters its oral orifice {g) escapes into the space 
l>etween the sac and the mantle, and is thus discharged immediately 
by the anal funnel (/). Whatever little particles, animate or in- 
unimate, the current of water brings, flow into the sac, unless 
stopped at its entrance by the tentacles (g'), which do not appear 
fastidious. The particles which are admitted usilally lodge some- 
where on the sides of the sac, and tlien travel horizontally until 
they arrive at that part of it dowm w’hich the current proceeds to 
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the entrance of the stomach (i), which is situated at the bottom of 
the sac. Minute animals are often swallowed alive, and have been 
observed darting about in the cavity for Home days, without any 
apparent injury either to themselves or to the creature which en^ 
closes them. In general, however, particles which are unsuited for 
reception into the stomach aro rejected by tho sudden contraction 
of the mantle (or muscular tunic), tho vent bointr at the same time 
dosed, so that they arc I'orced-out by a ]>ow«‘rful current through 
the oral orifice. — The curious alternation of the circulation that is 
characteristic of the Class generally (§ 055), may be particularly 
well studied in J^i-rophovti. The cree[)ing-stii1k (Fig. that con- 
nects the individuals of any group, contains two distinct canals, 
which send-otf branches into each peduncle. ( )ue of these hriinches 
terminates in the heart, which is nothing more than a contractile 
dilatation of tho princij^al trunk ; this trunk subdivides into vessels 
(or rather nhiuseH, which are mere elnaunels notliaving profier walls 
of their own), of which some raniiiy over the respiratory sac, 
branching off at each of the passages between the oval slits, whilst 
others are first distributed to tb(‘ stomach and intestine, and to the 
soft surface of the mantle. All tlu'se reunite so as to form a trunk, 
which passes to tlie peduncle ami c<»ns1itut(‘H the returning branch. 
Although the circulation in tho diiferent bodies is brought into 
connection by the common stern, yet that of <nich is independent 
of tho rest, continuing when the current through its own footstalk 
is interrupted by a ligature; and the stream which returns from 
the brancriial sac and the viscera is then jKuired into the posterior 
part of the heart, instead of entering the peduncle, 

55ih The (Irrelopuunit of the Ascidians, tln^ early stages of which 
are observable whilst the ova are still within the cloaca of tho 
jiarent, presents some phenomena of much interest to the Ivl ici'o- 
Hcopist. After the ordinary repeated sef^mentation of the yolk, 
whereby a ‘ mulberry mass’ is produced (§ 5S1), a sort of ring is 
seen encircling its central jiortion ; but this soon shows itself as a 
tapering tail-like prolongatlrin from one side! of the yolk, which 
gradually becomes more and more detached from it, save at tho 
part from which it spring.s. Either whilst tho egg is still within 
the cloaca, or soon alter it has escapc.d from tho vent, its envelope 
bursts, and the larva esca|)es; and in this condition it presents 
very much the appeapnee of a tadpole, the tail being straigliUmed 
out, and propelling the body fretdy through the water by its 
lateral strokes. The centre of the body is occupie<i by a mass of 
liquid yolk ; and this is continued into the interior of three pro* 
longatums which extend themselves from tho op])osite extremity, 
each terminating in a sort of sucker. After swimming-about for 
some hours with an active wriggling movement, the larva attaches 
itself to some solid body by means of one of these suckers ; if dis- 
turbed from its p<ll?ition, it at first .swims about as before ; but it 
soon completely loses its activity, and becomes permanently 
attached ; and important chauge.s manifest themselves in its 
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interior. The prolongations of the central yolk-snhBtance into the 
anterior prtKjesses and tail are gradually drawn back, so that the 
whole of it is concentrated into one mass ; and the tail, now con- 
sisting only of the gelatinous envelope, is either detached entire 
from the body by the contraciion of the connecting portion, or 
withers, and is thvovvn-off gradually in shreds. The shaping of 
the internal organs out of the yolk-maws takes-place very rapidly, 
so that by the end of tlie second day of the sedentary state the 
outlines of the branchial sac, and of the stomach and intestine may 
bo traced; no external oritices, however, being as yet visible. Tl»e 
pulsation of the heart is first seen on the third day, and the forma- 
tion of the branchial and anal oritices takes-jdace on the fourth ; 
after which the ciliary cuiTents are immediately established through 
the branchial sac and alimentary canal. -The embryonic develop- 
ment of other Ascidians, solitarv as well as com|)Osite, takes-place 
on a plan essentially the same as the ioregoing, a free tadpole-like 
larva being always jiroduced in the lirst instance.’**' 

obO. Tina larval condition is represented in a very curious adult 
free-swimming form, termed Apj^nuhenJarid, which is frequently 
to be taken with the I'ow-nei on our own coasts. This animal has 
an oval or flask-like body, wliicli in large specimens attains the 
length of one-iifth of an inch, but which is often not more than 
one-fourth or one-fifth of that size. It is furnished with a tail- 
like appendage three or four times its own length, broad, flattened, 
and rounded at its extremity ; and by the iiowerful vibrations of 
this appendage it is propeiled rapidly through the water. The 
structure of the body differs greatly from that of the Ascidians, its 
plan being much simpler; in particular, the pharyngeal sac is 
entirely destitute of ciliated branchial fissures opening into a sur- 
rounding cavity; but two canals, one on either side of the entrance 
to the stomach, are prolonged from it to the external surface ; and 
by the action of the long cilia with which these are furnished, in 
conjunction with the cilia of the branchial sac, a current of water 
is maintained through its cavity. From the observations of Prof. 
Huxley, however, it appear.s that the directiou of this current is 
by no means constant ; since, although it usually enters by the 
mouth and passes-out by the ciliated canals, it sometimes enters by 
the latter and passes-out by the former. The caudal appendage 

*1 

♦ The study of the development of Asevtinns has derived a new interest and 
importance from the discovery made by Kowalevsky in that theirfree- 
swiinmittg larv» present a most strikmg parallelism to Yertebrate embryoes, 
in exhibiting the l)eginuings of a spiniil marrow and a spinal colnmn ; thus 
bridging-over the gulf that was siippos*‘d to sejairate them from Invertebrate, 
A«d(wheu taken in ctmnectum with the curious Ascidian affinities of AmphU 
the lowest Vertebrate at preatmt known) affording strong reason to 
iioliove iu the derivation of the Vertebrate ami Tunicate types from a common 
original. iiJee his Memoir * Kntwickeluiigsgesehi<-hte dot einfachen Ascidien,’ 
in “Mdm. St Pdtersb. Acad. Sci.,’"’ Tom. x., IHCT, and the abstract of it in 
Qnart. Jonrm Microao, Soi.,” Vol. x., Ji.S. (1870), p. 59 ; also Prof. Haockers 
History of Orcatiou,’’ VoL if. pp. 15‘/, 200. 
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has a central axis, above and below wliicli is a riband-like layer 
of muscnlar fibres; a nervons cord, stmlded at intervals with 
jninute ganglia, may be traced along its whole length. — By Mertens, 
one of tne early observers of this animal, it was said to bo fur- 
nished with a peculiar gelatinous onvelo])e or TJaits (house), vei*y 
easily detached from the hody, and capable of being re-formed after 
having been lost. Notwithstanding the great numbers of speci- 
mens which have bc(3n studied by Miiller, Huxley, Leuckart, and 
Gegenbaur, neither of these excellent observers has met with this 
appendage ; but it has been since seen by i*rof. Allman, who 
describes it as an cgg-Hlia])ed gelatinous mass, in which the body is 
imbedded, the tail alone being free; whilst from either side of the 
central plane there radiates a kin<3 of double fan, which seems to 
be formed by a semicircular membranous lamina folded upon 
itself. It is surmised by I*rof. Allman, with much probability, 
that this curious ap])endage is * nidameutal/ having reference it) 
the development and j^rotection of the young; but on this point 
further observations are much needed ; and any Microscopist, who 
may meet with A})}tcn(1lci(hiria furnished with its ‘ house,* should 
do all he can to dot(‘rmiue its structure and its relations to the 
body of the animal.''^ 

* Por details in rdPpect to tin* structure of Append icuhria, sco llux'ley, is 
“ Philos. Tninsn<'t.” for IHol.aud in “ Uuiirt. .founi. of Microsc, S('icncc,’’ Vo), iv. 

p. IHl ; also Allman in the sjime Journal, V<»1. vii. (1H5!)), p. W> ; Gegen- 
iiaur in Siebold »nd Kolliker’s “ Z('itN<‘hriftJ’ IM. vi. (iHoo), p. 400 ; Letickarl's 

ZoolotriflclK^ Th»t(‘rsuchungon,” Heft, ii., lHr»4; and Fors ‘Etudes BUr le« 
AppendiculaircK' in “Ar<'hiv. Zool. K.vpc'^rim.” Tom. i. (1872\ p. 57. — For the 
Ttmicatd, penerally, see Prof. T, Uupert Jones, in Vol. iv. oi the “(’yclop. of 
Anatomy and Physiology Mr, Alder’s ‘ Observations on the British Tunicata,' 
in “Ann. of Kiit. Hist.,*’ Sor 4, Vol, xi. (IHdJ), p. loS; and Mr. Hancock’s 
Memoir ‘On the Anatomy and Physiology of the Tunicata,’ in the “Journal 
of tlio Liunacan Society,*' Vol. ix, p. 301) 
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MOLLUSCOrS ANIMALS genluallv . 

501, TiiK various forms of ‘ Bhcll-fisli,’ with their ‘ naked’ or 
fthelleHs allies, iurnish a great abundance of objects of interest to 
the Microscopist ; of which, however, the greater part may be 
grouped under three heads namely, (1) the structure of tin* 
shell, which is most interesting in the Coxcuifku v and BKACHioroDA, 
in both of which classes the shells are ‘ bivalve,’ while the animals 
differ from each otlier essentially in general jdan of structure; 
(2) the structure of the io)h(jne or yalafe of the Ciastkkopoua, most 
of which have ‘ univalve* shells, others, however, being ‘ naked 
(Jl) the dervhimiv utdl history of the embryo, for the study of which 
certain of the (lasteropods present the greatest facilities.- These 
three subjects, therefore, will be first treated of systematically ; and 
a few miscellaneous facts of interest will lie subjoined. 

562. Shells of Mollnsrif . — These investments were formerly 
regarded as mere inorganic exudations, composed of calcareous 
particles, cemented together by animal glue ; Microscopic exarnina- 
tion, however, has shown that they possess a definite strucfurr, 
and that this structure presents certain very remarkable variations 
in some of the groups of which the Molluscous series is composed. 
—We shall first describe that which may be regarded as the 
characteristic structure of the ordinaiy Bivalves ; taking as a typo 
the group of Maryoriiaceiv, 'svhich includes the Aviciila or ‘ pearl- 
oyster’ and its allies, the common Viynifi ranking amongst the 
latter. In all these shells we readily distinguish the existence of 
two distinct layers ; an iwlcnutl, of a brownhh-yellow colour; and 
an intemal, which has a pearly or ‘ nacreous’ aspect, and is com- 
monly of a lighter hue. 

566, The structure of the oe/er layer ’may be conveniently 
studied in the shell of Pintia, in which it commonly projects beyond 
the inner, and there often forms lamina? sufficiently thin and 
transparent to exhibit its general characters without any artificial 
reduction. If a small portion of such a lamina 1^ examined with 
a low magnifying power by transmitted light, each of its surfaces 
will present very much the appearance of a honeycc»mb ; whilst 
its broken edge exhibits an a.spect which is evidently fibrous to the 
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cjc, but which, when examined under the ]Microscope with reflected 
light, resembles that ot* an assemblage of segments of basaltic 
columns (Fig. 4S8, r). This outer layer is thus seen to be com- 
posed of a vast number of prUim, having a tolerably-uniform size, 
and usually presenting an approach to the hexagonal shape. 
These are arranged perpendicularly (or nearly so) to the surface of 
the lamina of the shell ; 
so that its thickness is 
formed by their length, 
and its two surfaces 
by their extremities. A 
more satisfactory view 
of these ])risms is ob- 
tained by grindiiig-dowii 
a lamina until it pos- 
sesses a high degree of 
trausparenco ; tlie prisms 
being then seeu (Fig. 

3do) to be themselves 
cumi)osed of a very 
homogeneous substnnee, 
but to be separated by Section of Slid) of tnm.svcrscly to 

definite and strongly tho diroction of its prisuiK. 

markedjlines of division. 

When such a lamina is submitted to the action of dilute acid, so 
as to dissolve-away the carbonate of lime, a tolerably firm and con- 
sisteiit membrane is left, 
which exhibits the pris- 
matic structure just as 
])erfectly as did the ori- 
ginal shell (Fig. dHd) ; 
jts hexagonal divisions 
bearing a strong resem- 
blance to the walls of 
the cells of the pith or 
bark of a Plant. By 
making a section of tlu^ 
shell ])crpendicularly to 
its surface, we obtain a« 
view of the prisms cut 
in the direction of their 
length (Brig. 387); and 
they are frequently seen 
to be marked by delicate transverse strim (Fig. 388), closely resem- 
bling those observable on the prisms of the enamed of teeth, to which 
thisldud of shell-structure may be considered as bearing a very close 
resemblance, except regards the mineralizing ingredient. If a 
similar section be decalcified by dilute acid, the membranous resi- 
duum will exhibit the same resemblance to the walls of prismatic cells 
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viewed longitudinally, and will be seen to be more or less regularly 
marked by the transverse strim just alluded to. It sometimes 
happens in recent, but still more commonly in fossil shells, that 
the decay of the animal membrane leaves the contained prisms 

without any connecting me- 
dium : as they are then quite 
isolated, they can be readily 
detached one from another; 
and each one may be observed 
to be marked by the like 
striations, which, when a 
sufficiently liigh magnifying 
jiowcT is used, are seen to be 
nunute grooves, apparently 
resulting from a tnickening 
of tlie intermediate w^all in 
those situations. Those ap- 
pearances seem host ac- 
counted-for.b v supposing that 
each is lengthened by suc- 
cessive additions at its 
base, the lines of junction of wdiich correspond with the trans- 
verse strlation; and this view cornisponds well with the fact, 
that the shell-membrane not un frequently sliow^s a tendency to 
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split into thin laminae along the lines of striation ; whilst we occa- 
sionally meet with an excessively thin natural lamina lying 
between the thicker prismatic layers, with one of which it would 
have probably coalesced, but for some accidental cause which 
preserved its distinctness. That the prisms are not formed in 
their entire length at once, but that they are progressively 
lengthened and consolidated at their lower extremities, would 
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appear also, from the fact that where the shell presents a deep 
colour (as in Pinna mgritia)^ this colour is usually disposed in 
distinct strata, the outer portion of each layer beiUj^ the part most 
deeply tinged, whilst the inner extremities of the pnsms are almost 
colourless. 

564. This ‘ prismatic’ arrangeinent of the carbonate of lime in tbe 
shells of Pinna and its allies, has beeu long familiar to Con- 
chologists, and regarded by them as the result of crystullissation. 
When it wa^ first more minutely investigated by Mr. Bowerbank* 
and the Author, t and was shown to be connected with a similar 
arrangement in the membranouH residuum loft after the decalcihca- 
tio!i of the Hhcll-siibstance by acid, Microscopists geuorallyj agreed 
to regard it as a ‘calcified epidermis:’ the long prismatic cells 
being supposed to be formed by the coalescence of the epidermic 
cells ill piles, and giving their snajio to the deposit of carbonat*) of 
lime formed within them, 'fhe j)r()gre8s of inquiry, however, has 
led to an important modification of this interpretation ; the Author 
being now disposed to agree with Prof. }Iuxley§ in the belief that 
the entire thickness of the shell is formed as an CArniion from 
the surface of the epidermis, and tluit the liorny layer which in 
ordinary shells forms their external envelope or * perioatracum,'|| 
being here thrown out at the same time with the calcifying mate- 
rial, is converted into the likein'ss of a cellular inembrano by the 
jiressurc of the prisms tliat arc formed )>y crystallization at regular 
distances in the midst of it. — The ])eculjar conditions under which 
calcareous concretions form themselves in an organic matrix, have 
been carefully studied by Mr. Kaiiiey and Dr. W. M. Ord ; of whose 
researches some account will be given hcn*aft,cr (§ 711). 

565. Tlie 'int<;ntal layer of the shells of the Margarifacorr^ and 
some other families has a * nacreous’ or iridescent lustre, which 
depeuds (as .Sir 1). Brewster has shown^J) upon the striation of 
its surface with a series of grooved 1100.9, which usually run 
nearly parallel to each other (Fig. -IHO). As these lines are not 
obliterated by any amount of polishing, it is obvious that their 
presence depends upon something peculiar in the texture of this 
substance, and not upon any mere HU[>erficlal arrangement. When 

» ‘On the Structure of the Shells of Tdollnsroufi nnd Ootiehiferoiis Anunttls, 
in “Tniiisrtct. )f Miemsc. 1st 8er, Vol. i. p. 12H. 

f ‘On the MicrtiKcopic ^nictmc of Shc*lls,' in “ liejKjrts of British Aswocia* 
tion” for 18*14 ami 1847. 

t Set? Mr. (iuekett's “ Histological Catalogue of the Otllege of Siirgcous’ 
Museum,’' and his “ Lectures on Histology,” Vol. ii. 

§ Bee his article ‘,Teguinent8i*y Organs,’ in “ ('yclo])re(lia of Anatomy aud 
Physiologj*,’’ Bupplenieutary Volume, pp. 48y-4i>2. 

li I’lio /*er/ositmcwm is the yellowish-brown meinbrario covering the surface 
of many shells, which is often (but erroneouBly) termed tlieir epUhrmh. 

“ Philoso[j[)hical ’JJ^'ansactions,” 1814, p. — 'I'he Into Mr. Barton (of the 
Mint) Bucceodedin producing an artificial iridcrtcencc on metallic buttons, by 
drawing closely-approxiraatiug lines with a diamond-point ui>on the ntuiiace 
*#f the steel die, by which they were struck. 
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a piece of tlie nacre (commonly known as * mother- of •|■>ea^^) of the 
Avinula or ‘ pearl-oyster* is carefully examined, it becomes evident 
that the lines are produced by the croppin^-out of laminm of shell 
situated more or less obliquely to the plane of the surface. *rhe 
greater the dip of these larain;e, the closer will their edges be ; 
whilst the less the angle which they make with the surface, the 
wider will be the interval between the lines. When tlie section 
passes for any distance in the plane of a lamina, no lines will 


Fig. .ISO 



Sc'ctiou of nacreous lining of Slu'll ot Avicula inarr/aritarca (^Vefirl-oyatcr). 

present tliomselves on that s]iaee. And thus the appearance of a 
section of nacre is such as to have been aptly coinpiired by Sir J. 
Herschel to the surface of a smoothed deal hoard, in which the 
woody layers are cut perpendicularly to their surface in one part, 
and nearly in their pluue in another. Sir 1). Brewster Hoc, cit) 
appears to have supposed that nacre consists of a multitude of 
layers of carbonate of lime alternating with animal membrane ; 
and that the presence of the grooveii lines on the most highly- 
polished surface is due to the wearing away of the edges of the 
.animal laminm, whilst those of the hard calcareous lamiiim stand 
out. If each line upon the nacreous surface, however, indicates a 
distinct layer of shell-substance, a very thin section of ‘ mother-of- 
pearl’ ought to contain inanv hundred laminie, in accordance with 
the number of lines upon its surface ; these being frequently no 
more than l-75(X)th of an inch apart. But when the nacre is 
treated with dilate acid so as to dissolve its calcareous portion, no 
such repetition of membranous layers is to be found ; on the contrary, 
if the piece of nacre be the product of one act of shell-formation, 
there is hut a single layer of membrane. This layer, however, is 
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foun<l to present a more or less folded or plaited arrangement; and 
the lineation of the nacreous surface may perhaps bo thus ac- 
counted for. — A similar arrangement is found in pearh; which are 
rounded concretions projecting from the inner surface of the shell of 
Avicida, and possessing a nacreous structure corresponding to that 
of * mother-of-pearl.’ Such concretions arc found in many other 
shells, especially the fresh water mussels, UhId Auodon ; but 
these are usually less remarkable for their pearly lustre; and, when 
formed at the edge of the valves, they may be partly or even 
entirely made-up of the prismatic substance of the external layer, 
and may be consequently altogether destitute of the pearly 
character. 

In all the genera of the Mfm/ariiacciP,, we find the external 
layer of the shell prismatic, and of considerable thickness ; the 
internal layer being nacreous. But it is only in the shells of a 
few families of Bivalves, that the combination of organic with 
mineral components is seen in the same distinct form ; and these 
families are for th(3 most part -nearly allied to Pinna. In the 
Zluiouidce (or ‘ fresh-water mussels’), nearly the whole thickness of 
the shell is made-nj) of the internal or ‘nacreous’ layer; but a 
uniform stratum of jirismatic substance is always found between 
the nacre and the poriostracuin, really constituting the inner la 3 ’er 
of the latter, the outer being simply horny, — In the (hirar.em (or 
oyster tribe) also, the greater part of the tliickncss of the shell is 
composed of a ‘ sub-nacreous substance (§ ^(>8) representing the 
inner layer of the shells of Margaritaci^ie, its successively-formed 
laminm, however, having very little adhesion to each other ; and 
every one of these laminte is bordered at its free edge by a layer of 
the prismatic substance, distinguished by its brownish-yellow 
colour. In these and some other case.s, a distinct membranous 
residuum is left after the decalcification of the prismatic layer 
by dilute acid; and this is most tenacious aud substantial, where 
(as in the Marr/tfritacca:) there is no proper periosiracum. Gene- 
rally 8])eaking, a thin ])rismatic layer may be detected upon the 
external surface of Bivalve shells, where this has been pro- 
tected by a periostracum, or has been prevented in any other 
manner from undergoing abrasion ; thus it is found pretty gene- 
rally in Chania, Ti‘l(jonia, and Solvn, and occasionally in Anomia 
and Perfen. ^ 

In many other instances, however, nothing like a cellular 
structure can be distinctly seen in the delicate membrane left after 
decalcitication ; and in such cases the animal basis bears but a very 
small proportion to the calcareous substance, and the shell is 
usually extremely hard. This hardness appears to depend upon 
the mineral arrangement of the carbonate of lime ; for whilst in 
the prtsnuilic and ordinaiy uacreoun layer this has the c^stalline 
<*X)naition of calcify it can be shown in the hard shell of PholaB to 
hare the arrangement of arrwjaiPite; the difference between the 
two being made evident by Polarized light. A very curious 
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app^ataiMje is presented by a section of the large hinge-tooth of 
My a cmnctria (Fig. 390), in which the carbonate of lime seems to 

be deposited in nodules that 
Fio. 300. possess a crystalline structure 

resembling that of the mineral 

termed WavellHc. Approaches 
to this curious arrangement 
are seen in many other shells. 

568. Theie are several Bi- 
valve shells which almost cu- 
tiroly coufcist of what may be 
termed a tivL-ndryvaus sub- 
stance ; their polished surfaces 
being marked by lines, but 
these lines being destitute of 
j that regularity of arrangement 
which is necessary to produce 
the iridescent lustre. This is 
the case, for example, witli 
most of the Vecihikhn (or 
u r ,, . scallo])tribo), also with some of 

t.. cticrn of hiugo-tooth of Mua arnwrw. (or lIlUHScl tribe) . 

and with the conimon Oyafor. In the internal layer of by far the 
gi’eater number of Bivalve shells, however, there is not the least ap- 
proach to the nacreous as}>ect ; nor is there anything that can be 
described as definite structure and the residuum left after its decal- 
cification is usually a structureless ‘ basement-membrane.* 

569. The ordinary account of the mode of growth of the shells 
of Bivfdve Mollusca, — that they are progressively enlarged by the 
deposition of new lamina', each of which is in contact with the 


internal surface of the preceding, and extends beyond it, — does not 
express the whole truth ; for it takes no account of the fact that 
most shells are composed of two layers of very different texture, 
and does not specify whether hoik these layers are thus formed by 
the entire surface of the ‘ mantle’ whenever the shell has to be 


extended, or whether only one is })roduced. An examination of 
Fig. 391 will clearly show the mode in which the operation is 
effected. This figure represents a section of one of the valves of 
Unio occide)i8, taken }>erpendicularly to its surface, and passing 
from the margin or lip (at the left hand of the figure) towards the 
hinge (which would be at some distance beyond the right). This 
section brings into view the two substances of which the shell is 
composed ; traversing the outer or prismatic layer in the direction 
of the length of its prisms, and passing through the nacreous 
lining in such a manner as to bring into view its numerous laminm, 
se|mrated by the lines a o', h f/, c c/ Ac. Those lines evidently 
indicate the successive formations of this layer; and it maybe 


• For an explauafioc of the real natare of what wns fonnerly descril;>ed by 
the Author as ‘tubular’ Shell -snbstanee, see § SIC. 
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easily sliowii by tracinj^ them towards tbe hinge on the one side 
and towards the margin on the other, that at every enlargement of 

Fig. 391. 



// 


V(*rt,ical s«‘ctioij of the of one of th<' valves of tlie bIioU 
of — a, fj, <*, siU'ceKKivo lormatious of the o«t('r i)n8njatic 

layer; a\ h\ e', the same of the inner iiaert'ous layer. 

the shell its whole interior is lined by a now nacreous lamina in 
immediate contact with that which preceded it. The number of 
such laminm, therefore, in the oldest j)art of the shell, indicates the 
number of enlargements which it has undergone. The outer or 
prismatic layer of the growing shell, on the other hand, is only 
formed where the new striK'tiire projects beyond the margin of the 
old ; and thus we do not find one layer of it overlapping another, 
except at the lines of junction of two distinct formations. When 
the shell has attained its ftill dimensions, however, new laminm of 
both layers still continue to be added ; and thus the lip becomes 
thickened by successive formations of prismatic structure, each 
being applied to the inner surface of the preceding, instead of to 
its free raargiri. — A like arrangement may 1)0 well seen in the 
Oifdor ; with this difference, that the successivo layers have but a 
comparatively slight adhesion to each other. 

570. The shells of Tenhratnhv., however, and of most other 
Brachiopods, are distinguished by peculiarities of structure which 
differentiate them from all others. When thin sections of them 
are microscopically examined, they exhibit the appearance of lone 
flattened pnsms (Fig, 39*2, a, 5), which are arranged with such 
obliquity that their rounded extremities crop-out upon the inner 
surface of the shell in an imbricated (tile-hke) manner (a). All 
true TerehratnUdWf both recent and fossil, exhibit another very 
remarkable peculiarity ; namely, the perfm'cition of the shell by a 
large numlir of canals, wbich generally pass nearly perp^- 
dicnlarly from one surface to tbe other (as is shown in vertical 
sections, Fig. 393), and terminate internally by open orifices 
(Fig. 392, a), whillt externally they are covers by the periostra'- 
enm (b). Their diameter is ^eatest towards the external surface, 
where they sometimes expand suddenly, so as to become trumpet- 
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»Laped; and it is usually narrowed rather suddenly, when, ae 
Hometixnes happens, a new internal l^er is formed as a lining to 
the preceding (Fig. 393, a, d d). Hence the diameter of these 


Fig. 892. 

a 



A, Inte rnal Burface «i)^ and o’uliquo section (b), of Shell of 
'I’i irhraiuUi (Waldhoimia) austialh; n, external surface of the 
same. 


canals, as shown in different transverse sections of one and the 
same shell, will vary according to the part of its thickness which 
the section happens to traverse. — The shells of different species of 
perforated Brachiopod^, however, present very striking diversities 

in the size and closeness 
of their canals, as shown 
by sections taken in cor- 
responding parts ; three 
examples of this kind are 
given for the sake of com- 
parison in Figs. 394-396. 
These canals are occupied 
in the living state by tu- 
bular prolongations of the 
^mantle, whose interior is 
filled with a fluid contain - 
: minute cells and gra- 



Verticftl Bections of Sliell of Ten^tuta 
(Widdheimia) showing at A the 

opoaiiig by largo trumpet.»hap<;d ori- 

Uocs on th© outer surfaco, and contracting at - ' 1 •. 

ft d into luUTOw tubes ; and showing at n a economy or tne animal, it 
biftercation id the canals, is difficult to form any 


nules, which, from its cor- 
responding in appearance 
with the fluid contained in 
the great sinuses of the 
mantle, may perhaps be 
considered to be the ani- 
mal’s blood. Of Hieir 
special* function in the 
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probable idea'; but it is interesting to remark {in connection with 
the hypothesis of a relationship between Brachiopods and Polyeoa) 
that tney seem to have their parallel in extensions of the peri- 
visceral cavityof many species of Flmtra, Escliara, Lepralla y&c.,into 
passages excavated in the walls of the cells of the jiolyzoary. 

Fio. .‘594. Fio. 390. Fig. 396. 



Fi^. 394 section of Shell of Tt' rebrat nla huHata (foKsil, Oolite*). 

Fig. 395 Ditto .... of Mef/erlia H/itn (fossil, Obalk'i. 

Fig. S90. Ditto .... id tSpirifcriua rot{tr(ita {TniiHtiie), 

571. In the Family EliijurlionvllUlw^ which is represented bv 
only two recent species (the llh. pHittacra and lih. nigricanst botit 
formerly ranking as Terebratuhn), but which contains a very large 
proportion of fossil Bracliiopods, these canals are almost entirely 
absent ; so that Uie uniformity of their presence in the Terebratii- 
lidm, and their general absence in the Bhynchonellidce, supplies a 
character of great value in the discrimination of the fossil shells 
belonging to those two groups respectively. Great caution is 
necessary, however, in applying this test; more Hurface-marhinga 
at ft/not he relitd-on; and no statement on this point is worthy of 
reliance, which is not liased on a Microscopic examination of thin 
sectiom of the shell. — lii the Families Sjnriferidee and Siropho* 
menidaif on the other hand, some species possess the jierforations, 
whilst others are destitute of them ; so that their presence or 
ahsence there serves only to mark-out subordinate groups. This, 
however, is what holds -good in regard to characters of almost 
every description, in other departments of Natural History ; 
a character which H of fundamental importance from its close 
relation to the general plan of organization in one groim, being, 
from its want of constancy, of far less account in another.* ' 

* For ft particular aocount of the Autlior’s reectirdicH on thin group, see his 
Metnoir on the suhjcc.t, foniiing pftrt of the introduction of Mr. Davidson's 
*• Monograph of tluj British Fossil Brachiopoda,'* published by the Palflootito- 
graphical 8ociety.-~A very remarkable example of <hc* impoitonc© of the 
presence or absence of the iierforatiuiis, in diatinguishing shoUn whoso intenui) 
structure shows thAu to be generically different,^ whilst from their extmroal 
oxjnformation they would be supposed to be not only {tenerlmUy but t^cHkaUp 
will be found in the Annals of Katural History,” Bcr. 3, Vob xx^ 
(1867), p. 68, 


X X 2 



676 


SHELLS OF GASTEEOPODS. 


572. There is not by any means the same amount of diversity 
in the structure of the Shell in the class of Gaef eropods ; a certain 
typical plan of construction being common to by far the greater 
number of them. The small proportion of animal matter con- 
tained in most of these shells, is a very marked feature in theii" 
character ; and it serves to render other features indistinct, since 
the residuum left after the removal of the calcareous matter is 
usually so imperfect, as to give no clue whatever to the explanation 
of the appearances shown by sections. Nevertheless, the structure 
of these shells is by no moans homogeneous, but always exhibits 
indications, more or less clear, of a definite arrangement. The 
‘ porcellanons’ shells arc coinpostMl of three layers, all presenting 
the same kind of structure, hut each differing from tlie others in 
the mode in which tliis is disposed. For each layer is made-up of 
an assemblage of thin laminai placed side-by-side, which se 2 >arate 
one from another, apjiarently in the planes of rhoinboidal cleavage, 
when the shell is fractured ; and, as was first xiointed out by Mr. 
Bowerbank, each of these laminm consists of a series of elongated 
spicules (considered by him as prismatic cells filled with carbonate 
of lime) lying side-by-side in close apposition ; and these series are 
disposed alternately in contrary directions, so as to intersect eacli 
other nearly at right angh's, though still lying in parallel planes. 
The direction of the planes is different, however, in the three layers 
of the shell, bearing the same relation to each other as have those 
three sides of a cube which meet each other at the same angle ; and 
by this aiTangemcnt, which is better seen in the fractured edge of 
the (Jyprwa or any similar shell, than in thin sections, the strength 
of the shell is greatly augmented. — A similar arrangement, 
obviously answering the same purpose, has been shown by Mr. 
Tomes to exist in the enamel of the teeth of Roden tia. 

573. The principal departures from this plan of structni*e are 
seen in Patellay Ghiion, Halioiis, Turbo and its allies, and in the 
* naked* Gasteropods, many of which last, both terrestrial and 
marine, have some rudiment of a shell. Tims in the common 
Slug, JAm^v rufntt, a thin oval plate of calcareous texture is found 
imbedded in the shield-like fold of the mantle covering the fore- 
part of its back ; and if this be examined in an early stage of its 
gpuwth, it is found to consist of an aggregation of minute calcareous 
nodules, generally somewhat hexagonal in form, and sometimes 
quite transparent, whilst in other instances it presents an appear- 
ance dosely resembling that delineated in Fig. 390. — In the epi- 
dermis of tne mantle of some species of Boris, on the other hand, 
W 0 find long calcareous spicules, generally lying in parallel 
directions, but not in cont^t with each other, giving firmness to 
the whole of its dorsal portion ; and these are sometimes covered 
with small tubercles, like the spicules of Gorgonia (Fig. 363). They 
may be separated from;the soft tissue in which they are imbedded, 
by means of caustic potash ; and when treated with dilute acid, 
wiiereby the calcareous matter is dissolved-away, an organic basis 
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is left, retaining in some degree the form of the original spicule. 
This basis cannot be said to be a true cell ; but it seems to be 
rather a cell in the earliest stage of its formation, being an isolated 
particle of sarcode without wall or cavity ; and the close corre- 
spondence between the ap])earance presented by thin sections of 
various Univalve shells, and the forms of the spicules oi' 
seems to justify the conclusion that even the most compact 
shells of this group are constructed out of the like elements, in 
a state of closer aggregation and more detinito arrangement, 
with the occasional occurrence of a layer of more spheroidal 
bodies of the same kind, like those forming the rudimentary shell 

574. The structure of Shells generally is best examined by 
making prcflous in different planes as nearly ])arallel as may be 
possible to the surfaces of the shell, and other sections at right 
angles to these : the former may be designated as horizontalt the 
latter as wrtlcaL Nothing need here bo added to the full direc- 
tions for making such Sections, which have already been mven 
(§§ 102-194). Many of them are beautiful and interesting objects 
ibr the Polariscope. — Much valuable information may also be 
derived from the examination of tlio surfaces presented by /me- 
ture. The membranous residua left after the dccalcification of the 
shell by dilute acid, may bo mounted in weak spirit or in Goadby’s 
solution. 

57c. I’he animals composing the class of Cephalopoda (cuttle- 
fish and nautilus tri])e) are for the most part unpossessed of shells ; 
and the structure of the few that we meet-with in the genera 
NmitiluSf Argonanfa (* paper-nautilus ’), and SpirulOt donH not 
present any peculiarities that need hero detain us. The rudi- 
mentary shell or Hepioetaire of the common (Juttle-fish, however, 
which is frequently spoken-of as the ‘ cuttle-fish bone,* exhibits a 
very beautiful and remarkable structure, such os causes sections of 
it to be very interesting Microscopic objects. The outer shelly 
portion of this body consists of horny layers, alternating with cal- 
cified layers, in which last may be seen a hexagonal arrangement 
somewhat corresponding with that in Fig. JIOO. The soft friable 
substance that occupies tlie hollow of this boat-shaped shell, is 
formed of a number of delicate calcareous plates, running across 
it from one side to lihe other in parallel directions, but separated 
by intervals several times wider than the thickness of the plates ; 
and these intervals are in great part fillcd-up by what appear to 
be fibres or slender pillars, passing from one plate or floor to another. 
A more careful examination shows, however, that instead of a 
large number of detached pillars, there exists a comparatively 
small number of very thin sinuous laminm, which pass from o»6 
surface to the qther, winding and doubling upon themselves, so 
that each lamina occupies a considerable space. ThA pre^e 
arrangement is best seen by examining the parallel pjat^ after 
the sinnons laminse have been detach^ from them ; the lines of 



m 


PASTES OP aASTEEOPODS. 


junction being distinctly indicated upon these. By this arrange- 
ment each layer is moat effectually supported by those with which 
it is connected above and below ; ana the sinuosity of the thin 
intervening laminae, answering exactly the same purpose as the 
* coi^ugation' given to iron plates for the sake of diminishing their 
llejdbility, adds greatly to the strengtli of this curious texture ; 
which is at the same time lightened by the large amount of open 
space between the parallel plates, that intervenes among the 
sinuosities of the iaminm. The best method of examining this 
structure, is to make sections of it with a sharp knife in various 
directions, taking care that the sections are no thicker than is 
requisite for holding-together; and these may be mounted on a 
Black Ground as opaque objects, or in Canada balsam as transpa- 
rent objects, under which last aspect they furnish very beautiful 
objects for the Folariscopc. 

57<3. Palate of Oaatcropnd — The organ which is some- 

times referred to under this designation, and sometimes as the 
‘tongue,* is one of a very singular nature ; and cannot be likened 
to either the tongue or the palate of higher animals. For it is a 
tube that passes bocik wards and downwards beneath the mouth, 
closed at its hinder end, whilst in front it opens obliquely upon the 

Hoor of the mouth, being 
Pig. CDT. (as it were) slit- 

spread-out so as t( 
nearly flat surface.' On 
the interior of the tube, as 
well as on the flat expan- 
sion of it, we find nume- 
rous Iran verse rows of 
minute teeth, which are 
set upon flattened plates ; 
each principal tooth 
sometimes having a basal 
plate of its own, whilst 
in other instances one 
plate carries several teeth, 
roiium of tlu’ left lialf of the rRlat(‘ of -Of the former arrange- 
lieiix horiensU; the rows of teeth near the ment we have an example 
edge separated from each other to show their in tl«e palate of many 

terrestrial Gasteropoda, 
such as the snail {Helix} 
ma Slug (Limaoj), m which the number of plates in each row is 
very considerable (Figs. 397, 398), amounting to 180 in the 
garden Slug {Umax maxhmuei); whilst the jitter prevails in many 
marine Oastoropods, such as the common Whelk {Bueeinwin 
the palate of which has only three pl^es in each row, 
one bearing the small central teeth, and the two others the large 
lateral teeth (Fig. 401). The length of the palatal tube, and the 
Humber (^rowsm teeth, vary greatly in different species. Generally 
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spoakingf, the tube ot‘ the terrestrial Gasteropoda is short, and 
is contained entirely within the nearly globular head ; but the 
iwa of ^th being closely set together are usually very numerous, 
there being frequently more 

than 100, and in some species aim. 

as many as 160 or 170 ; so 
that the total number of 
teeth may mount-up, as in 
Jlelix poiiiaiia, to 21,000, 
and in Lima.e to 

26,800. The transverse rows 
are usually more or less 
carved, as shown in Fig. 608, 
whilst the longitudinal rows 
are quite straight : and the 
curvature takes its dejiarture 
on each side from a central 
longitudinal row, the teeth Paljitt* of ZovUen reUnrhm. 

of which arc symmetrical, 

wliilst those of the lateral portions of each transverse row present 
a modification of that symmetry, the prominences on the nmcr 
side of each tooth being 
suppressed, whilst those on 
the outer side are increased ; 
this modi ticat ion being ob- 
served to augment in de- 
gree, as we pass from the 
central lino towards the 
edges. 

577. The palatal tube 
of the marine Gasteropods 
is generally longer, and its 
teeth larger ; and in many 
instances it extends far 
beyond the head, which 
may, indeed, contain but 
a small part of it. Thus 
in the common Limpet 
(Patella), we find thg prin- 
cipal part of the tube to lie 
folded-up, but perfectly 
free, in the abdominal ca- 
vity, between the intestine 
and the muscular foot ; and 

in some species its length is twice or even three times as gr^t as 
that of the entire animal In a large proportion of cases, these pahum 
exhibit a very fUarked separation between the central and the 
lateral portions (Figs. 399, 401) ; the teeth of the ^ntral baud 
being frequently small and smooth at their edges, whilst those of 
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the lateral are large and aerrated. The palate of Troclms zby* 
phinm^ repreaentea in Fig, 399, is one of the most beautiful 
examples of this form; not only the large teeth of the lateral 
bands, but the delicate Icaf-like teeth of the central portion, having 
their ^ges minutely serrated. A yet more complex type, however, 
is found in the palate of Halioth; in which there is a central band 
of teeth having nearly straight edges instead of 'points : then, on 
each side, a lateral band consisting of large teeth shaped like those 
of the Shark ; and beyond this, again, another lateral band on 
either side, composed of several rows of smaller tfeeth. — Y ery curious 

differences also present 
themselves among the dif- 
ferent species of the same 
genus. Thus in Boris 
2 nlosay the central band is 
almost entirely wanting, 
and each lateral band is 
formed of a single row of 
very largo hooked teeth, 
set obliquely like those of 
the lateral band in Fig. 
399 ; whilst in Boris tiiber- 
culoia^ the central band is 
the part most developed, 
and contains a number of 
rows of conical teeth, stand- 
ing almost perpendicu- 
larly, like those of a 

^ harrow (Fig, 400). 

^78, Many other varieties might be described, did space permit ; 
hut we must be content with adding, that the form and arrange- 
ment of the teth of these ‘palates' afford characters of great 
classification, us was first pointed out by Prof. Lov^n 
Stockholm) in 1847, and has been since very strongly urged by 
ur. J. K Gray, who considers that the structure of these organs 
18 one of the best guides to the natural affinities of the species, 
and families of this group, since any important alteration 
in l^e form or position of the teeth must be accompanied by some 
^rresponding peculiarity in the habits and food of the animal.* 
H^oe a systematic examination and delineation of the structure 
and arrangement of these organs, by the aid of the Microscope and 
Camera Ludda, would be of the greatest service to this depart- 
ment of Katcural History. The short thick tube of lAmcm and 
other terrestrial Gasterop^ls, appears adapted for the trituration 
erf the nreviously to its passing into the oesophagus ; for in 
these ammals we find the roof of the month furni^ed with a large 
strong homy plate, against which the flat end of the tongue can 


Vm, 40(t. 



Palate of Doris tubtrculaia. 


• ** Annals of Hatnral History,” Ser. 2, Vol. x. (1832), p. 41 A 
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work. Oh the other hand, the flattened portion of the palate of 
Bueciimm (whelk) and its allies is used by these animals as a file, 
with which they bore holes through the shells of the Mollusks that 
serve as their prey ; this they are enabled to effect by everting that 
part of the proboscis-shaped mouth whose floor is formed by the 
flattened part of the tube, which is thus brought to the exterior, 
and by giving a kind of sawing-motion to the organ by means of 
the alternate action of two pairs of muscles,— a protractor, and a 
retractor,— which put-forth and draw- back a pair of cartilages 
whereon the tongue is supported, and also elevate and depress its 
teeth. Of the use of the long blind tubular part of the palate in 
these Gasteropoda, however, scarcely any probalile guess can be 
made; unless it be a sort of ‘ cavity of reserve,’ from which a new 
toothed surface maybe continually supplied as the old one is worn- 
away, somewhat as the front teeth of the liodonts are constantly 
being regenerated from the surface of the pulps which occupy their 
hollow conical bases, as fast as they arc rubbed-dowii at their 
edges. 

579. The preparation of these Palates for the Microscoi^e can, 
of course, be only accomplished by carefully dissecting them from 
their attachments within the head ; and it will be also necessary to 
remove the membrane that forms the sheath of the tube, when this 
is thick enough to interfere with its 
transparence. The tube itself should 
be sbt up with a pair of fine scissors 
through its entire length ; and should 
be so opened out, that its exj)anded 
surface may be a continuation of that 
which forms the floor of the mouth. 

The mode of mounting it will depend 
upon the manner in which it is to be 
viewed. For the ordinary purposes of 
Microscopic examination, no method 
is so good as mounting in fluid ; either 
weak Spirit or (joadby’s solution 
answering very well. But many of 
these palates, especially those of the 
marine Gasteropod-, become most 
beautifnl objects for ihc Polariscope 
when they are mounted in Canada 
balsam ; the form and arrangement of 
the teeth being very strongly brought- 
out by it (Fig. 401), and a gorgeous 
play of colours being exhibited when a 
selenite plate is placed behind the object, and the analyzing prism 
is made to rotate.*^ 

• For additional details on the organization of tbo Palate and Teeth of the 
Oasteropod Mollusks, see Mr. W. Thomson, in “ Cyclop, of Auat. and Phvaiob,’* 
Vd. iv. pp. 1142, 1148; and in “Ann. of Kat. Hist.,” Ser. 2, Vol. vii. p. w. 


Fiq. 401. 



Palate of undatum t 

seen under Polarized Light* 
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f580, Develop imnt of Mollmhtt , — ^Leaving to the scientific Em- 
bryologist the large field of study that lies open to him in this 
^rection,* the ordinary Microscopist will find much to interest him 
in the observation of certain special phenomena of which a general 
account will be here given. Attached to the gills of fresh-water 



Pnrabitic Larva UHmhidimn) of Ano/hn} : — A, pjlocliidia 
Httaclu'cl to ibe tail or a Stioklebnrk ; u, aide view of glochi- 
ilium still enel<»8»*d in th(‘ ejrj:r-menibranic, showing tlie hooks 
of its valves and tliii byssue-filaimMit er; c, glochidium with 
its valves widely opened, show’ing the udduetor-muscle a ; v, 
side view of glorhidiuni, with the valves opened to show the 
origin of the byssns-Hlaim-nt and tlio three jmirs of tenta- 
cular (?) organs, the barlied iKxiks 6, and the muscular or 
nu'mbmuous folds c, c, connected with them. 

Muiiitele (Fmo and At/odon) there are often found minnte bodiea, 
which, when fir»t observed, were described as parasites, under the 
name of Glochidia^ but are now known to b^their own progeny in 
an early phase of development. When a Fish is near, they are 
eicpellea from between the valves of their parent, and attach ibem- 
selves in & peculiar manner to its fins and ^Is (Fig. 402, a). In this 
stage of the existence of the young Anodoo, its valves are provided 
wiA curious barbed or serrated hooks (d, h), and are continually 
snapping tew^ther (so as to remind the observer of the mictUaria 
of Folynoai § 554), until they have inserted their hooks into the skin 
of the Fish, which seems so to retain the barbs at to prevent the re- 
opening ol the valves. In this stage of its existence no internal organ 
• See Baliour's “Gompamtive ^bryology/* Chap, ix. 
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is definitely formed, except tbe strong ‘adductor’ muscle (c, o) 
which draws the valves together, and the long, slender, byssus- 
lilament (b, a.,p) which mahes its appearance while the embryo is still 
within the egg-membrane, lying coiled-up between the lateral lobes. 
The hollow of each valve is tilled with a soft grannlar-lookingmass. 
in which are to be distinguished what are perhaps the rudiments of 
t'le branchiae and of oral tentacles ; but their nature can only be 
certainly determined by further observation, which is renderetl 
difficult by the opacity of the valves, liy keeping a supply of 
Fish, however, with these embryoes attached, the entire history of 
the development of the fresh-water Mussel may be worked out* 

*»81. In certain members of the Class Giwtcropodst the history 
of embryonic development presents numerous phenomena of great 
interest. The eggs (save among the terrestrial species) are usually 
ile 2 :)osited in aggregate masses, each enclosed in a common protec- 
tive envelope or nidumontiun. The nature of this envelope, however, 
varies greatly : thus, in the common J/immcffs stagnaXis or * water- 
snail’ of our ponds and ditches, it is nothing else than a mass of 
soft jelly about the size of a sixjience, in which from r»0 to (>0 eggs 
are imbedded, and which is attached to the leaves or stems of 
aquatic plants ; in the Biicclunm nndainiUi or common Whelk, it 
is a membranous case, connected with a considerable number of 
similar cases by short stalks, so as to form large globular masses 
which may often be picked-up on our shores, 08 j)ecially between 
April and June; in the Purpura lapIXluti, or ‘ rock- whelk,’ it is a 
little flask-shaped capsule, having a firm horny wall, which is 
attached by a short stem to the surface of rocks between the tide- 
marks, great numbers being often found standing erect side by side ; 
whilst in the Nudibrauchiato order generally (consisting of the 
l)<rrih‘, Eolie, and other ‘sea-slugs') it forms a long tube with a 
membranous wall, in which immense numbers of eggs (even halt a 
million or more) are packed closely together in the midst of a 
jelly-like substance, this tube being disposed in coils of various 
forms, which are usually attached to Sea-weeds or Zqoiihytes. — The 
course of development, in the first and last of these instances, may 
be readily observed from the very earliest period down to that of 
tlie emersion of the embryo ; owing to the extreme transparence 
of the nidamentum and of the egg-mem branos themselves.^ The 
first change which will ho noticed by the ordinary observer, is the 
‘ segmentation’ of the yolk-mass, which divides itself (after t^ 
manner of a cell undergoing binary subdivision) into two parts, earn 
of these two into two others, and so on until a morulc^ or mulberry- 
like mass of minute yolk-segraents is produced (Fig. 44)3, A— f), 
which is converted by ‘ invagination’ into a ‘gastrula* (§ whose 
form is shown at g. This ‘ gastrula’ soon begins to exhibit a very 
carious alternating rotation within the egg, two or three turns 

♦ See the Rev, W. Houghton * On the Paraaitio Nftturo of the 
the Anod&nta in “ Quart. Jovm. of Microsc. Bci./’ N.S., Vol. ib (lool), 

p. I(i2 ; and BaUonr cp, cU. pp, 220-228. 
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Kmbryonic Development of I>oris bi/a me Ilf ita -a, Ovum, consisting of 
cmvelopin^ memluAne a, and yolk 6 ; n, c, D, £, r, successive stog^ of 
s^pmentaiion of yolk ; o, first marking^out of the elmpe of the embryo ; 
H, embryo on the 8th day; i, the same on the 9th day \ K, the same on 
ih© Ittix day, seen on tho left side at ll, still more advanced embryo, 
seen at k as iretracted Tsrithiu its shell superficial layer of yolk- 
segments coalescing to give origin to the shell; c, r, ciliated lobes; 
sL loot ; bwrd plate or operculum attached to it ; ^ stomach ; i, intes- 
ini©, m, s, mpMWos (glandular?) at the sides of tho oesophagus; 
o, fa©ari (?) ; s, retractor muscle (?) ; «, situation of funnel ; r, t 
enveloping the body ; 2, auditoi^ vesicles ; y, month. 





DE\^OPMENT OF NUDIBRANCHS. 085 

made in one direction, and tlie same number in a reveree 
direction : this movement is due to the cilia fringing a sort of fold 
of the ectoderm termed the veltim, which afterwards usually gives 
origin to a pair of large ciliated lobes (h—l, c) resembling those of 
Rotifers. The velum is so little developed in fAmnmm, however, 
that its existence has been commonly overlooked until recognized 
by Prof. Ray Lankester,* who also has been able to distinguish its 
fringe of minute cilia. This, however, has only a transitory exist- 
ence ; and the later rotation of the embryo, which presents a very 
curious spectacle when a \iumber of ova are viewed at once under a 
low magnifying power, is due to the action of the cilia fringing the 
head and foot. 

582. A separation is usually seen at an early period, between 
the anterior or ‘ cephalic’ portion, and the posterior or ‘visceral’ 
portion, of the embryonic mass ; and the development of the former 
advances with the greater activity. One of the first changes which 
is seen in it, consists in its extension into a sort of fin-like mem- 
brane on either side, the edges of which are fringed with long cilia 
(Pig. 403, u “I., c), whose movements may be clearly distinguished 
whilst the embryo is still shut-up within the egg ; at a very early 
period may also be discerned the ‘ auditory vesicles’ (k, jr) or nidi- 
mentary organs of hearing (§ 587), which scarcely attain any 
higher development in these creatures during the whole of life ; 
and from the immediate neighhourhooJ of these is piit-forth a pro- 
jection, which is aftemards to be evolved into the ‘ foot* or 
muscular disk of the animal. While these organs are making 
their appearance, the shell is being formed on tno surface of the 
posterior portion, appearing first as a thin covering over its hinder 
part, and gradually extending itself until it becomes large enough 
to enclose the embryo completely, when this contracts itself. Tno 
ciliated lobes are best seen in the einbryoes of Nnd'dtrnnchit ,* and 
the fact of the imiversal presence of a shell in the embryoes of that 
group is of peculiar interest, as it is destined to lie cast-off very 
soon after they enter upon active life. These embryoes may be 
seen to move-about as freely as the narrowness of their prison 
permits, for some time previous to their emersion ; and when set 
free by the rupture of the egg-cases, they swim forth with great 
activity by the action of their ciliated lobes, — these, like the * wheels* 
of Rotifera, serving alscsto bring food to the mouth, which is at that 
time unprovided with the reducing apparatus subsequently fon^ 
in it. The same is true of the embryo of Li/ninwng, save that its 
swimming movements are less active, in consequence of the non- 
development of the ciliated lobes; and the currents produced by 
the ciha that fringe the head and the orifice of the respkatoy sac, 
seem to have reference chiefly to the provision of supplies ol food, 

* See his valuable ‘ Observations on tlic Development of hbnnmm 
and on the early stages of other Mollusca,’ in Qnart, Joum. ilicrosc. Science, 
Oct. 1874. See also Lereboullct, ‘ Beeherches sur le Ddveloppcmcnt dtt Lha- 
nde,* in “ Ann. des Sci. Nat. ZooL,’* 4ieine, Sdr., Tom. xviii. p. 47. 
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and of aerated water for respiration. The disappearance of the 
cilia has been observed by Mr. Hogg to be coincident with the 
development of the teeth to a degree sufficient to enable the young 
water-snail to crop its vegetable food; and ho has further ascer- 
tained that if the growing animal be kept in fresh water alone for 
some time, without vegetable matter of any kind, the gastric teeth 
are very imperfectly developed, and the cilia are still retained.^ 
r>88. A very curious modification of the ordinary plan of deve- 
lopment is presented in the Tuiynra lapillns ; and it is probable 
that something of the same kind existsmlso in Buccinnm^ as well 
as in other Gasteropodw of the same extensive Order (Fed In I- 
hranchiata ). — Each of’ the capsules already described (§ 581) con- 
tains from 500 to <>00 egg-like bodies (Fig. 404, a), imbedded in a 
viscid gelatinous substance ; but only from 1 2 to 30 einbryoes usually 
attain complete development ; and it is obvious from the large com- 
parative size which these attain (Fig. 405, n), that each of them 
must include an amount of substance e<jual to that of a great 
number of the bodies originally found within the capsule. The 
explanation of this fact (long since noticed by Dr. J. E. Gray, in 
regard to Buccinum) seems to be as follows : — Of those 500 or (500 
egg-like bodies, only a small part are fertile ova, the remainder 

being unfertilized eggs, the 
Pk;. 404 . yolk-material of which serves 

for the nutrition of the em- 




bryoes in the later stages of 
their intra-capsular life. The 
distinction between them ma- 
nifests itself at a very early 
period, even in the fii-st seg- 
mentation ; for while the 
latter divide into two equal 
hemispheres (Fig. 404, b), 
the fertilized ova divide 


^ into a larger and a smaller 

# ’ segment (d) ; in the cleft 

between these are seen the 
minute * directive vesicles/ 

Early stag.,s of E.nbryomc Dovtlo,,- lf.<Jways 

meut of JHtrpum UipiUus:—K, egg-like douWe or even triple, al- 
spbonile; u, c, B, r, o, successive stages though, from being seen 
segmentation of yolk-sphorules ; n, h, * end on/ only one may bo 
I, K, successive stages of development visible ; and near these is 
of ©aidy ombiyot‘». generally to be seen a clear 

space in each segment. The 
diffierence is still more strongly marked m the subsequent divisions ; 
for whilst the cleavage of the infertile eggs goes-on irregularly, so 
m to divide each into from 14 to 20 segments,* having no definite- 
ness of arrangement (c, e, e, g), that of the fertile ova tsdkes place 


* See Transnet of Micrc>sc. 8oc./' 2nd Ser., A^oL ii. (1S54), p. 98. 
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in such a manner os to mark-out the distinction already aUuded*to 
between the ‘ cephalic and the * visceraV portions of the mass (n) ; 
and the evolution of the former into distinct organs very speedily 
commences. In the first instance, a narrow transpamnt border in 
seen around the whole embryonic mass, which is broader at the 
cephalic portion (i) ; next, this border is fringed with short cilia, 
and the cephalic extension into two lobes begins to show itsidf ; 
and then between the lobes a largo month is formed, opening 
through a short, wide oesophagus, the interior bf which is ciliated, 
into the visceral cavity, occupied as yet only by the yolk-particles 
originally belonging to the ovum (k). 

584. Whilst these developmental changes are taking place in the 
embryo, the whole aggregate of segments formed by the yolk* 

Fig. 405. 



LaWr stages t 7 f embryouic DeVi-lopruent of Ptirpnm lapil- 
A, conglomerate mass of vitelline segments, to whieli 
were attached the ombryoes, a, h, c, </, a: — n, full-size embyro, 
ill more advanced stage of development. 

cleavage of the infertiki eggs coalesces into one moss, as shown at 
A, Fig. 405 ; and the embryocs are often, in the first instance, so 
oomi^etely buried within this, as only to be discoverable by tearing 
its portions asunder : but some of tliein may commonly be found 
upon its exterior ; and those contained in one capsule veiy com* 
monly exhibit the different stages of development represented in 
Fig. 404, II — K, After a short time, however, it becomes apparent 
that the most advanced embryoes are beginning to s'wcdhw the 
yoht-segmenta of the conglomerate mass ; and capsules will not 
unfrequently be met-with, in which embryoes of various mes, as 
a, 5 , c, d, e (Fig. 405, a), are projecting from its surface, their 
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di®»reac6 of size not bemjg accompanied by advance ill develop- 
ment, bpt merely depending upon the amount of this ‘supple- 
mental’ yolk which the ©mbryoes have respectively gulped-down. 
For daring the time in which they are engaged in appiopnating 
this additional supply of nutriment, although they increase in size, 
yet they scarcely exhibit any other change; so that the large, 
embryo, Fig. 405, e, is not apparently more advanced as regards 
the tormation of its organs, than the small embryo, Fig. 404, K. 
So soon as this operation has been completed, however, and the 
embryo has attained its full bulk, the evolution of its organs 
takes-plaoe very rapidly ; the ciliated lobes are much more highly 
developed, being extended in a long sinuous margin, so as almost 
to i^emind the observer of the ‘ w heeds’ of Rotifera (§ 445), and 
being furnished witli very long cilia (Fig. 405, n) ; the auditory 
vesicles, the tcntaeula, the eyes, and the foot, successively make 
their appearance; a curious rhytlimically-contractile vesicle is 
seen, just beneath the edge of the shell in the region of the neck, 
which may, perhaps, serve as a temporary heart ; a little later, 
the real heart may be seen pulsating beneath the dorsal part of the 
shell ; and the mass of yolk-segments of which the body is made- 
up, gradually shap)efi itself into the various organs of digestion, 
respiration, <fec., during the evolution of which (and while they are 
as yet far from complete) the capsule thins-away at its summit, 
and the embryoes make their escape from it.* 

585. It happens not nnfrequently that one of the embryoes 
which a capsule contaiu.s does not acquire its ‘ supplemental' yolk 
in the manner now described, and can only proceed in its develop- 
ment as far as its original yolk will afford it material ; and thus, 
at the time when the other embryoes have attained their full size 
and maturity, a strange-looking creature, consisting of two large 
ciliated lo\>e9 with scarcely the rudiment of a body, may be seen 
in active motion among them. This may happen, indeed, not only 
to one but to several embryoes within the same capsule, especially 
if their number should be considerable ; for it sometimes appears 
as if there were not food enough for all, so that whilst some attain 
their full dimensions and complete development, others remain of 
unusually small size, without being deficient in any of their organs, 
and others again are mr)re or less completely abortive, — the supply 
of supplemental yolk which they have obt,ained having been too 
small for the development of their viscera, although it may have 
afforded what was needed for that of the ciliated lobes, eyes, 

* Tlie Author thinks it worth while to mention the method which he Ims 
founed most convenient for (‘xamiuing the contents of the egg-capsnles of JPwr- 
j as be believes that it may bo advantageously adopted in many other 
CfUteft. This consists in cutting off the two ends of the capsule (taking care 
not to cut far into its cavity), and in then forcing a jet of water through it, by 
inserting the end of a fine-pointed syringe (§ 127) into one of the orifices thus 
made, so as to drive the contents of the capsule before it through the other, 
These should be received into a shallow cell, and first examined under the 
hBoroscope. 
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teutjuiles, auditory vesicles, and even the foot^—or, on the other hand, 
no additional supply whatever having been acquired by them, so 
that their development has been arrested at a still earlier stage*— 
These phenomena are of so remarkable a character, that they 
furnish an abundant source of interest to any IfticrosTOpist who 
may happen to be spending the months of August and September 
in a locality in which the Ptirinira, abounds •, since, by opening a 
sufficient number of capsules, no difficulty need be experienced in 
arriving at all the facts which have been noticed in tliis brief 
summary.* It is much to be desired that such Microscopista as 
possess the requisite opportunity, would apply themselves to the 
study of the corresponding history in other Pectiuibranchiate Gasto- 
ropods, with a view of determining how far the })lau nc>w described 
prevails through the Order. And now that those Mollusks have 
been brought not only to live, but to breed, in artificial (ajuana, 
it may be anticipated that a great addition to our knowledge of 
this part of their life-history will ere long be made. 

586. OUinrii Motion on (Hlh . — There is no object that is better 
suited to exhibit the general phenomena of Ciliary motion (§ 465), 
than a portion of the gill of some bivalve Molliisk. ^I'he Otjsier 
will answer the purpose sufficiently well ; but the cilia are much 
larger on the gills oi the MuH8el;\ as they are also on those of the 
Anodon or common ‘fresh-wator mussel’ of our ponds and streams. 
Nothing more is necessary than to detach a small portion of one 
of the ribaud-like bands, which will be seen running parallel with 
the edge of each of the valves when the shell is opened ; and to 
place this, with a little of the liquor contained within the shell, 
upon a slip of glass, — taking care to spread it out sufficiently with 
needles to separate the ham of which it is composed, since it is on 
the edges of these, and round their knobbed extremities, that the 
ciliary movement presents itself, — and then covering it with a 
thin-glass disk. Or it will l>c convenient to place the object in the 
Aquatic-box (§ 122), which will enable the observer to subject it to 
any degree of pressure that he may find convenient. A magnifying 
power of about 120 diameters is amply sufficient to afford a 

* Fuller fjotailK on this will be found in tho Author’s account of bix 

researches, in “ 'I’raiisactions of tho Microscojneal Society,” 2nd Scr., Vob iii. 
(1855), p. 17. His account of the process was called in tjiK'stion by MM. Kormi 
4 ind Baiiiclssen, who bad previously given an entirely diff«;rent version of it, 
tout was fully coiilirmed by the observations of Hr, Djster*, see “Aim. of Nat. 
Hist*’ 2nd 8er., Vol. xx. (1857), p. Id. Tho independent observations of M, 
ClaparMo on tiie development of Nerithia ptriatiUs (Miiller’s “ Archiv,” 1857, 
p. 109, and abstract in “ Ann, of Nat. Hist,” 2ud Ser., Vol. xx. (1857), p. 196) 
ehowed the mode of development in that species to be tho same in all essential 
particulars as that of Purpura. The subject has again been recently studied 
with great minuteness by Solonka, “ Niederlandisclies Archiv fUr Zoologie,” 
Bd. i., July, 1862, 

t This 6hell-fish i^y Be obtained, not merely at the sea-side, but likewise 
at the shops of the fishmongers wlio supply the Imnibler classes, even in 
miiand towns. 
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Bt'ralve^ in oonnection with the nervons ganglion imbedded 
in Idle base of the foot. These ‘ auditory vesicles,* as they are 
termed, are minute sacculi, each of which contains a fluid, wherein 
are suspended a number of minute calcareous particles (named 
otolUJia or ear-stones), which are kept in a state of oontinual 
movement by the action of cilia lining the vesicles. This won* 
derful spectacle,” as it was truly designated by its discoverer 
Siebold, may be brought into view without any dissection, by snb- 
raitting the head of any small and not very thick-skinned Gas- 
teropod, or the young of the larger - forms, to gentle compression 
under the Microscope, and transmitting a strong light through it. 
The very early appearance of the auditor}^ vesich^s in the embryo 
Gasteropod has been already alluded-to {§ 582). — Those who have 
the opportunity of examining young specimens of the common 
Pecfen, will find it extremely interesting to watch the action of the 
very delicate tentacles ^vhich they have the power of piitting-forth 
from the margin of their mantle, the animal being confined in a 
shallow cell, or in the zoophyte-trough ; and if the observer should 
be fortunate enough to obtain a specimen so young that the valyes 
are quite transparent, he will find the spectacle presented by the 
ciliary movement of the gills, as well as the active play of tho foot 
(of which the adult can make no such use), to be worthy of more 
than a cursory glance. 

588. Chromafophotm of C(^iltnlop(Klx — Almost any species of 
Cuttle-fish [Sepia) or Squid [Lolifjo) will afi’ord the opportunity of 
examining the veiy curious provision whbih their skin contains for 
changing its hue. This consists in the presence of numerous large 
‘ pigment-cells,’ containing colouring-matter of various tints ; the 
prevailing colour, however, being that of the fluid of the ink-bag. 
These pigment-cells may present very different forms, ]>eing some- 
times nearly globular, whilst at other times tliey are flattened and 
extended into radiating prolongations ; and, by tho peculiar con- 
tractility with which they are endowed, they can ])a88 from one to 
the other of these conditions, so as to spread their coloured con- 
tents over a comparatively-largc surface, or to limit them within 
a comparatively-small area. Very commonly there are different 
layers of these pigrnent-cells, thedr contents having different hues 
in each layer ; and tl^^s a' great variety of coloration may bo 
given, by txie alteration in the form of tho cells of which one or 
another layer is made-up. It is curious that the changes in the 
hue of the skin appear to be influenced, as in the case of tho 
Chameleon, by the colour of the surface with which it may be in 
proximity. Tho alternate contractions and extensions of these 
pigment-cells or cliromaiaifhores may be easily observed in a piece 
of skin detached from the living animal and viewed as a transparent 
object ; since they xmU continue for some time, if the skin be placed 
in sea-water. And they may also be well seen in the embryo 
cuttle-fish, which will sometimes be found in a state of sufficient 
advancement in the grape-like eggs of these animals attached to 
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Sea-wee<l8» Zoophytes, &c. — The eggs of the small cuttle-fish 
termed the Sopiola, which is very common on our Bouthcni coasts, 
are imbedded, like those of the f)oris, in gelatinous masses, which 
are attached to Sea- weeds, Zoophytes, &c . ; and their embryoes, 
when near maturitjr, are extremely beautiful and interesting 
objects, being sufficiently transparent to allow the action of the 
heart to be distinguished, as well as to show most advantageously 
the changes incessantly occurring in the form and hue of the 
‘ chromatophores.’ 



CHAPTER XVJI. 


A XX U LOS A, OR WORMs, 

58!>. UxDKR the p^oneral dosi^niation of ‘ Aiiiiulosc' auiiualy, or 
Worms, may Ix) grouped -together all that lower jxa'tion of the 
great Ariicvl<it(ul Sub-kingdom, in which the division of the body 
into longitudinally-arranged segments is not distinctly marked-out. 
and there is an absence of tliose ‘ articuhitcd’ or jointed limbs 
that constitute so distinct a feature of Insects and their allies. 
'J’his group includCvS the classes of Enio'ioa or Intc'stinal Worms, 
Uofifrra or Whecd-animalcules, 'J'nylndbn’in, and Afinrlida ; each 
of which furnishes many ohjects for Microscopic o-xamination, 
that are of the liighest scientific interest. As our business 
however, is less with the ])rofes8ed Physiologist, than with the 
general inquirer into the minute wonders and b<‘auties of Nature, 
we shall pass over these classes (the Uotifera having been already 
treated-of in detail, Chap, xi.) with only a notice of such points as 
are likely to he specially deserving the attention of observers of 
the latter order. 

590. Entozov.— This class consists almost entirely of animals 
of a very jieculiar plan of organization, which are parasitic within 
the bodies of other animals, and which obtain tlieir nutriment b}^ 
the absorj)tion of the juices of those, — thus bearing a striking 
analogy to the parasitic Fungi (§§ 9,12-bUj). 'fhe most remarkable 
feature in their structure consists iu the entire absence or the 
(‘xtremelv low development of their nutritive system, and the 
extraordinary development of their reproductive apparatus. Thus, 
iu the common tape- worm’), which may be taken as the 

type of the Ch^stoid grou]>, there is neither mouth nor stomach, 
the so-called ‘ head’ being merely an organ for attachment, whilst 
the segments of the Mjody’ contain repetitions of a complex gene- 
rative apparatus, the male and female sexual organs being bo 
united in each as to enable it to fertilize and bring to maturity its 
o\vjx very numerous eggs ; and the chief connection between tnese 
segments is established by two pairs of longitudinal canals, which, 
though regarde(^by some as representing a digestive apparatus, 
and by others as a circulating system, appear really to represent 
the * waior-vascular system,’ whose simplest condition has been 
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noticed in the Wheel-animalcule {§ 449), — Few among the recent 
results of Microscopic inquiry have been more curious, than the 
elucidation of the real nature of the bodies formerly denominated 
Bntozoa, which had been previously ranked as a distinct 
group. These are not found, like the preceding, in the cavity 
of the alimentary canal of the animals they infest; but always 
occur ill the substance of solid organs, such as the glands, muscles, 
&c. Tliey present themselves to the eye as bags or vesicles oi 
various sizes, soiiietimes occurring siugly, sometimes in groups ; 
but upon careful examination each vesicle is found to bear upon 
some part a ‘ head’ fiirniHlied with booklets and suckers ; and this 
may be either single, as iu CijHilccrciis (the entozoon whose 
presence gives to pork what is known as the ‘ measly’ disorder), or 
multiple, as in wliich is developed in the brain, chiefly of 

sheep, giving rise to the disorder known as ‘the staggers.’ Now 
in none of these Cystic forms has any generative apparatus ever 
l>een discovered, and hence they are obviously to be considered as 
imperfect animals. The close resemblance between the ‘heads’ of 
certain CijsfJccrci and that of certain first suggested that 

the two might be difl'erent states of the same animal; and ex- 
periments made ))y those who liave devoted themselves to the 
working-out of this curious subject have led to the assured con- 
clusion, that the Cystic Itlnioztia are nothing else than Cestoid 
Wovnis, whose development has been modified by the peculiarity 
of their position, — the large bag being formed by a sort of dropsical 
accumulation of fluid when the young are evolved in the midst of 
solid tissues, whilst the very same bodies, conveyed into the 
alimentary canal of some carnivorous animal which has fed upon 
the flesh infested with them, begin to bud-forth the generative 
segments, the long succession of which, united end-to-end, gives to 
the entire scries a ^\'orra-likc aspect. 

591. The higher forms of Kntozoa, Wonging to the Ncmatoid or 
thread-like Order. — of which the common Asciiris may be taken as 
a type, one species of it {the J.liiinhrlcoides, or ‘round worm’) 
being a common parasite in the small intestine of man, wliile 
auotner (the A. verniiciUarib\ or ‘ thread-worm*) is found rather in 
the lower bowel, — approach more closely to the ordinary type of 
conformation of ^Vorms ; having a distinct alimentary canal, 
which commences with a mouth at the anterior extremity of the 
lx)dy, and which terminates by an anal orifice near the other 
extmmity ; and also possessing a regular arrangement of circular 
aud longitudinal muscular fibres, by which the body can be 
shortened, elongated, or bent in any direction. The smaller species 
of by some or other of which almost every Yertebrated 

animal is infested, are so transparent that every part of their 
internal organization may be made-out, especially with the jaaaistr 
unce of the Com 2 )res 8 or (§ 125) without any ditsection *, and the 
study of the structure and otetions of their Generative apparatus 
has yielded many very interesting results, especially in regard to 
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the first formation of the ova, the mode of their fertilization, and 
the history of their subsequent development. — Some of the Worms 
belonging to this group are not parasitic in the bodies of other 
animals, but live in the midst of dead or decomposing Vegetable 
matter. The Qordim or * hair-worm,’ which is peculiar in not 
having any perceptible anal orifice, seems to be properly a parasite 
in the intestines of water-insects ; but it is fre(|uently found in 
large knot-like masses (whence its name) in the water or mud of 
the pools inhabited by such insects, and may apparently be deve- 
loped in these situations. The Aiu/nillahn are little eel-like worms, 
of which one Hpecien, A. Jhiv/atU Is, is very often found in fresh- 
water amongst Ihmnldietr, Confenne, also in wet moss and 
moist earth, and sometimes also in tin* alimentary canals of snails, 
frogs, fishes, insects, and larger worms ; wliilst another species, 
A. tvHici, is met-with in the cars of AVheat affected with the blight 
termed the ‘cockle;’ another, the A. (ftictinis, is found in sour 
paste; and another, the A. aerf!, was often found in stale vinegar, 
until the more complete removal of mucilage and the addition of 
sulphuric acid, in the course of the maiuifactiin!, rendered this 
liquid a less favourable ‘ habitat’ for these little creatures. A 
writhing mass of any of these species of ‘ eels,’ is one of the most 
curious spectacles which the Microscopist can exhibit to the un- 
scientific oliservcr ; and the capability which they all possess (in 
common with llotifers ami Tardigrades, § of revival after 
desiccation, at however remote an interval, enables him to com- 
mand the spectacle at any time. A grain of wheat within which 
these worms (often erroneously called Vihrionfit^) are being de- 
veloped, gradually assumes the ap]>earauce of a black pop^)er-corn ; 
and if it be divided in two, the interior will be founa almost 
completely filled with a dense white cottony mass, occupying the 
place of the flour, and leaving merely a small place for a little 
glutinous matter. Tho cottony substance seems to the eye to 
consist of bundles of fine fibres closely packed > together ; but on 
taking-out a small ][X)rtion, and putting it under the Microscope 
with a little water under a thin glass-cover, it will bo found after a 
short time (if not immediately) to be a wriggling mass of life, the 
apparent fibres being really Antjnllhdai, or ‘eels’ of the Micro- 
Hcopist. If the seeds be soaked in water for a couple of hours^ 
before they are laid«open, the eels will be found in a state of 
activity from the first ; their movements, however, are by no means 
so energetic as those of tho A. (jluHids or ‘ paste-eel.’ This last 
frequently makes its appearance spontaneously in the midst of 
paste that is turning sour ; but the best means of securing a supply 
for any occasion, consists in allowing a portion of any mass of 
paste in which they may present themselves to dry up, and then, 
faying this by so long as it may not be wanted, to introduce it 
into a mass of flesh paste, wbicn, if it be kept warm and moists 
will be found after a few days to swarm with these curious UtUe 
creatures. 
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592. Be8i4es the foregoing Orders of Entozoa, the Tr/imatode 

a must be named ; of ■which the Di stoma hepatienm or * fluke/ 
in the livers of Sheep affected with the " rot/ is a typical 
example. Into the details oi the structure of this animal, wliicb 
has the general form of a sole, there is no occasion for us here to 
enter ; it is remarkable, however, for the branching form of its 
digestive cavity, which extends tliroughout almost the entire body, 
very much as in Planariio (Fig. 405); and also for the curious 
phenomena of its development, several distinct forms being passed 
through between orie sexual generation and another. These have 
been especially studied in the Distoma, which infests the f/ij mucous ; 
the ova of which are not developed into the likeness of their 
parents, but into minute worm-like bodies, which seem to be little 
else than masses of cells enclosed in a contractile integument, no 
formed organs being found in them ; these cells, in their turn, are 
developed into inde[)endeut zooids, which escape from their con- 
taining cyst in the condition of free ciliated Animalcules ; in this 
condition they remain for some time, and then imbed themselves 
in the mucus that covers the tail of the Mollusk, in which they 
undergo a gradual development into true Distomata ; and having 
thus acipiired tlicir perfect form, they penetrate the soft integu- 
ment, and take-up their habitation in the in'berior of the body. 
Thus a considerable number of Distomata may be produced from 
a single ovum, by a process of cell-multiplication in an early stage 
of its development. In some instances the frt*e ciliated larva 
possesses distinct eyes ; although these organs ore wanting in the 
fully developed Distoma, the peculiar ‘ habitat’ of which would 
render them useless. 

593. Ti'KUKLLAUiA. — Tins group of animals, which is distin- 
guished by the presence of cilia over the entire surface of the body, 
seems intermediate in some respects between the ‘tromutode’ En- 
tozoa and the Leech-tribe among Annelida. It deserves special 
notice liere, cbicHy on account of the frequency with whicn the 
worms of the Plamiyinn tribe present themselves among collections 
both of marine and of fresh-water animals (particular species in- 
habiting either locality), and on account of the curious organization 
which many of these possess. Most of the members of this tribe 
have elongated flattened bodies, and move by a sort of gliding or 
crawling action over the surfaces of aquatioi Plants and Animals. 
Some of the smaller kinds are sufficiently transparent to allow of 
their internal structure being seen by transmitted light, esj^cially 
when they are slightly compressed ; and the accompanying figure 
(Fig, 406) displays the general conformation of their principal 
organs, as thus shown. The body has the flattened sole-like shape 
of the Trematode Entozoa ; its mouth, which is situated at a con- 
siderable distance from the anterior extremity of the bodj, is 
surrounded by a circular sucker that is appUld to the living 
surface from which the animal draws its nutriment; and the 
buccal cavity (h) opens into a short oesophagus (c), which leads at 
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ouce to the cavity of the stomach. In the true PlanaHc^ liie 
mouth is furnished with a sort of long funnel-shaped proboscis ; 
and tluSf even when detached from the body, continues to swadlow 
presented to it. The cavity of the stomach does not give 
oi-igin to any intestinal tube, nor is it provided with any second 
orifice ; but a large num- 
ber of ramifying canals Pro. 40(;. 

are prolonged from it, 
which carry its contents 
into every ]mrt of the 
body. This seems to 
render unnecessary any 
system of vessels for the 
circulation of nutritive' 

Iluid ; and the two prin- 
cipal trunks, with con- 
necting and ramifying 
branches, which may be 
observed in them, arc j)ro- 
bably to })e regarded in 
the light of a water- 
vascular system, the func- 
tion of which is essentially 
respiratory, lioth sets of 
.s('xual organs arc com- 
hiued in the same indivi- 
duals ; though th(^ con- 
gress of two, each impreg- 
nating the ova of the 
other, seems to be generally 
necessary. The ovaria, as 
in the Eutozoa, extend 
through a large ])art of 
the body, their ramifica- 
tions proceeding from the 
two oviducts {Ic, k), which 
have a dilatation (1) at 
their point of junction. — 

'[’here is still much# ob- 
scurity about the history 
of the embryonic develop- 
ment of these animals; 
as the accounts given of 
it by different observers 
by no means harmonize 
with each other.* — The 
Planarise, howev^, do not multiply by eggs alone ; for they occa* 
sionaUy undergo spontaneous fission in a transverse direction, each 
• See Balfour’s “Comparative Embryology,” Vol i., p{). 



Structure of PofyccUn kriqatm (a Plaiiarian 
worm). — Mouth, Hurrouudod by its circular 
sucker; 6, buccal <;avity; r, ocsupliagesl ori- 
fice; t/, Kt<»m.ich; f, ramiiications ol gastric 
cauals; ./; cephalic ganglia and tUcir nervous 
filameutfi; </, y, testes; //, vesicula seminalis; 
♦, male genital canal ; 4-, 4, oviducts; 
tion at their point of j auction; w, female 
genital orifice. 
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segment becoming a perfect animal ; and an artificial division into 
two or even more partn may be practistjd with a like result. In 
fact, the power of the Planarim to reproduce portions which have 
been removed, seems but little inferior to that of the Hydra (§ 515) ; 
n circumstance which is peculiarly remarkable, when the mnch 
higher character of their organization is borne in mind. They pos- 
sess a distinct pair of nervous ganglia (/./), from which branches 
proceed to various parts of the ixHly ; and in the neighbourhood of 
these are usually to be observed a number (varying from 2 to 40) 
of ocelli or rudimentary eyes, each having its refracting body or 
crystalline lens, its pigment-layer, its nerve-bulb, and its cornea-like 
bulging of the skin. The integument of many of these animals is 
furnished with * thread-cells' or ‘ lilil'erous capsules,’ very much 
resembling those of Zoophytes (§ 52S). 

594. Annelids. — T his Class includes all the higher kinds of 
Worm-like animals, the greater part of which are mariiio, though 
there are several species which inhabit fresh water, and some 
which live on land. The body in this class is usually very long, 
and nearly always presents a well-marked segmental division, the 
segments being for the most part similar and equal to each other, 
except at the two extremities ; but in the lower forms, such as 
the Leech and its allies, the segmeiiiul division is very indistinctly 
«een, on account of the general softness of the integument. A 
large proportion of the marine Anneluls have S])ccial respiratory 
appendages, into wliicd tlie finids ot the body are sent for aeration ; 
and these are situated upon the head (Fig. 4u7), in those species 
which (like the ISermila, Tccthrlla, Sohclbiruf,, &c.) have their 
bodies enclosed by tubes, cither formed of a shelly substance }iro- 
ducod from their own surface, or built-up by the agglutination of 
grains of sand, fragments of shell, &c. ; whilst they are distributed 
along the two sides of the body in such as .swim freely through the 
water, or crawl over the surfaces of rocks, as is the case >Yith the 
Nereidcti, or simply bury themwelves in the sand, as the Arenlcoltt 
or ‘lob-wonii.’ In these res]'iratory appendages the circulation of 
the fiuids may be distinctly seen by Microscopic examination ; and 
these fluids are of two kinds,— first, a colourless fluid, containing 
numerous cell-like corpuscles, which can be seen in the smaller and 
more transparent species to occupy the space that intervenes between 
the outer surface of the alimentary canal and* the inner wall of the 
body, and to pass from this into canals which often ramify exten- 
sivmy in the respiratory organs, but are never furnished with a re- 
turning series of passages,— and second, a fluid which is usually red, 
contains few floating particles, aud is enclosed in a system of proper 
^ vesaek that communicates with a central propelling organ, a^d not 
only carries away the fluid away from this, but also brings it back 
again. In Terehelhi wo And a distinct provision for the aeration of 
both fluids ; for the first is transmitted to the teiJdril-like tent^Ien 
whieb surround the mouth (Fig. 407, 5, 5), whilst the second chreu- 
lutes through the beautiful arboiescent gill-tufts (k, k), situated just 
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behind the head. The fomer are covered with cilia, the action of 

which continually renews the stratum of water in contact with them, 

whilst the latter are destitute of 

these organs ; and this seems to he 

the general fact as to the several . , ^ 

appendages to which these two /v 

fluids are respectively sent for Wl 

aeration, the nature of their dis- 

tribution varying greatly in the 

different members of the class. 

The red fluid is commonly consi- ^ 
dered as blood, and the tubes “ I 

through v/hich it circulates as' ^ ^ 

blood-vessels; but the Author has MImIU 

elsewhere given his reasons* for 2 |T|v\i|T 

<M)inciding in the opinion of Prof. * 

Huxley, that the colourless cor- 
pusculatcd fluid which moves in 
the peri-visceral cavity of the body 
and in its extensions, is that which 

really represents the blood of other ' 

Articulated animals ; and that the WS 

system of vessels carrying the f ES 

red fluid is to be likened on the omi l^r 

1 land to the ‘ water- vascular sys- 

tern’ of the inferior Worms, and on ^jW ' 

the other to the tracheal appa- 

ratus of Insects {§ t)d4). — In the . 

observation of the beautiful spec- 

tacle presented by the respiratory ^ 

circulation of the various kinds of 

Annelids which swarm on most fMBy 

of our shores, and in the examina- jMEr 

tion of what is going-on in the flSjp 

interior of their bodies (where ff is 

this is rendered possible by their 

transparence), the Microscopist f ^irpiilniinir Annaratns of TayeOeUi. 


transparence), the Microscopist Circulating Apparatus of Ttrebdii. 
will fmd a most fertile source of concAi/#'//r/-—rt, labial ring ; h, 6, toil- 
interesting occupatiofi ; and he tidoe ; c, llrst segmout of the trunk; 
may easily, with care and patience, 

mate many valuable additions to // 


fiT, skin of the V»ack ; e, pharj'iix;/, 
make many Tenable additions to t 

our present stock of knowledge glandular organ (liver ?) ; /, or^s 
on these points. There are many of generation ; i, feci; 1*, b braueW; 
of these marine Annelids, in which f, dorsal vessel acting as 
the appendages of various kinds tory heart ; ?», < 
put-forth from the sides of their 

bodies .furnish •very Wutifnl o, o, Ventral trunk ;‘j>, lateral vascular 
microscopic objects; as do also the branches. 

See his ^Priuciples of Comparative Physiology,” 4th Edit, §§ 218, 219, 292* 
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different forms of teeth, jaws, <!kc., with which the mouth is com- 
monly armed in the free or non-tuhicolar species, these being 
eminently carnivorous. 

595* Ine early history of the Development of Annelids, too, is 
extremely curious ; for they come forth from the egg in a condition 
very little more advanced than the ciliated gemmules of Polypes, 
consisting of a globular mass of untransformed cells, certain parts 
of whose surface are covered with cilia ; in a few hours, however, 
this embryonic mass elongates, and the indications of a segmental 
^vision become apparent, the head being (as it were) marked-oft* 
in front, whilst bemind this is a lartr(i segment thickly covered with 
cilia, then a narrower and non-ciliatod segment, and lastly the . 
caudal or tail-segment, which is furnished with cilia. A little 
later, a new segment is seen to l>e interposeil in front of the 
caudal ; and the dark internal granular mass shapes itself into the 
outline of an alimentary canal.* 'J'ho number of segments pro- * 
gressively increases by tlie int(‘rposition of new ones between the 
caudal and its preceding segments ; the various internal organs 
become more and more distinct, eye spots make their appearance, 
little bristly appendages are put-forth from the segments, and the 
animal gradually assumes the likeue-s of its parent ; a few days 
being passed by the tubicolar kinds, however, in the actively 
moving condition, before they settle down to the formation of u 
tube.f 

596. To carry out any systematic observations on the embryonic* 
development of Annelids, the eggs should be searched-for in the 
situations which these animals haunt ; hut in places where Anne- 
lids abound, free-swimming larva? are often to be obtained at thc' 
same time and in the same manner as small IMedusa? (§ 522) ; and 
there is probably no part of our coasts, off which some very curious 
forms may not be met with. The following may bo specially men- 
tioned as departing widely from the ordinary type, and as in them- 
selves extremely beautiful objocts.—Tho AdinotrorJia (Fig. 408) 
bears a strong resemblance in many ])articulars to the ‘ bipinnarian’ 
larva of a Star-fish (§ 5411), having an elongated body, witlia series 
of ciliated tentacles (d) symmetrically arranged; these tentacles, 
however, proceed from a sort of disk which somewhat resembles the 

* A most cimous transformation ors'e occnnvd witliin tho jVntlior's exjx- 
rieiice in tbo laivu of an Aniu'liti, which avus furnisKhd with a broad collar or 
disk fringed with very long cilia, and showed merely an appeavauco of seg- 
mentation in its hinder part; for in the course of a few'niiuutes, during which 
it was not under observation, this larva assumed the ordinary form of amarkie 
Worm three or four times its previous length, and the ciliated disk entirely 
disappeared. An accident unfortunately ]»revented the more minute examina- 
tion of this Worm, which the Author would have <^therwiso made ; but he may 
state that ho is certain that there was no fallacy as to the fact above stated ; 
this larva having been placed by itself in a cell, on purpose that it might be 
carefully studied, and having boon only laid aside for a shsart time whilst other 
selections were being made from the same gathering of the Tow-uet. 

t For further information on this subject, see Balfour’s “ Comparative 
Enibryologj’,” Chap, xii., and the Memoirs there cited. 
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‘ lopliopliore’ of certain Polyzoa (§ 549). The nioutli (<?) is oon^ 
c^led Dj a broad but pointed hood or ‘ epistome’ (a.), which some- 
times closes-down upon the tenta- 
cular disk, but is sometimes raised 
and extended forwards. The nearly 
cylindrical body terminates abruptly 
at the other extremity, where the anal 
orifice of the intestine {h) is sur- 
rounded by a circlet of very large 
cilia. This animal swims with great 
activity, sometimes by the tentacular 
cilia, sometimes by the anal circlet, 
sometimes by l^otli combined ; and 
besides its movement of progression, 
it frequently doubles itself together, 
so as to bring the anal extremity 
and the epistome almost into contact. 

It is so tranH]mront that the whole 
of its alimentary canal may be as 
distinctly seen as that of Laguii- 
cula (§ 549) ; and, as in that Poly- 
zoon, the alimentary masses often 
to 1)0 seen within the stomach (r) 
arc kept in a continual wliirling 
movement by the agency of cilia with 
which its walls arc clothed. This 
very interesting creature was for 
a long time a puzzle to Zoologists ; 
since, although there could be little 
doubt of its being a larval form, there 

was no clue to the nature of the adult 

produced from it, until this was dis- j Kpistomo or hood; &, anus; o, 
covered by Krohn in 1858 to be a Hiomacli ; <?, ciliated tentacles ; e, 
Gephyrean Worm.* An even more 
extraordinary departure from the 

ordinary type is presented b}^ the larva which has received the 
name Pilidiitm (Fig. 409) ; its 8haj)e being that of a helmet, the 
plume of which is replaced by a single long bristle-like appendage 
that is in continual motion, its jioint moving round and round in a 
circle. This curious organism, first noticed by Miiller, has been 
since ascertained to be the larva of the well-known Neinert^^f a 
TurbeDarian worm of enormous length, which is commonly found 
entwining itself among the root.s of Algse.t 

*■ * Tleber Pilidium und Actinotro<'ha ’ in “MUlh-r’s Arebiv,” 1858, p, 

For more recent observations upon this inU'reBting creature, seo Balfour’s 
''‘Comparative Eiift)ryolo(n%” Vol. i , pp. 299-3U2, and a I'aper on * The Origin 
and Siguificanco of the M^jtamorphosis of Actitwtrocfift^* by Mr. E. B. Wilson 
(of Baltimore), in “Quart, Jonm. Microsc. 8ci.,” April, 1881. 

t See especially Louckart and Pagenstecher’s ‘ UntersuchuiigenUberniedere 
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597. Arnold tlie animals captured by the Tow-net, the marine 
Zoologist will he not unlikely to me^ with an Annelid which, 


Fio. 400. 



ff>/rans :~Ay youn^, showing nt a tho alimentary 
canal, and at 6 the nidiiuent of the Kenicrtid ; — ij, more 
advanced Btago of tlie same ; — c, newly- freed Kcmenid. 

although by no means Microscopic in its dimrousions, is an admi- 
rable subject for Microscopic observation, owing to the extreme 
transparence of its entire body, which is such as to render it 
dMcrut to be distinguished when swimming in a glass jar, except 
by a very favourable light. This is the Tomopteris, go named from 
the division of the lateral portions of its body into a succession of 
wmg«like segments (Plate xxm., b), each of them carrying at 
its extremity a pair of pinnules, by the movements of which it 
is rapidly propelled through the water. The fuK'-grown animal, 

Seethiere,* in MfiUer'e “ArcUiv,” 1S5S, p. 569, and Bulfow, ep, eft., p. 165. 
Th© Author iuui frequency met with IHlidittm in Lamlash Bay* 
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whiob measures nearly an incli in length, has first a curious pair 
of * frontal horns’ pro3ecting laterally from the head, so as to giro 
the animal the appearance of a ‘ hammer-headed’ Shark ; behind 
these there is a pair of very long antennm, in each of which wo 
distinguish a rigid bristle-like stem or eefat enclosed in a soft sheathe 
and moved at its base by a set of muscles contained within the 
lateral protuberances at the head. Behind these arc about sixteen 
pairs or the ordinary pinnulated segments, of which the hinder 
ones are much smaller than those in front, gradually lessening in 
size until they become almost rudimentary ; and where these cease, 
the body is continued onwards into a tail-liko prolongation, the 
length of which varies greatly according as it is contracted or ex- 
tended, This prolongation, however, bears four or five pairs of 
very minute appendages, and the intestine is continued to its very 
extremity ; so that it is really to be regarded as a continuation of 
the body. In the head wo find, between the origins of the antenna?, 
a ganglionic mass, the component cells of which may be clearly 
distinguished under a sufficient magnifying power, as shown at r ; 
seated upon this are two pigment* spots (?>, h), each bearing a double 
pellucid lens-like body, which are obviously rudimentary eyes ; 
whilst imbedded in its anterior portion arc two peculiar nucleated 
vesicles, fi, which are probably the riuliments of some other 
sensory organs. On the under side of* the head is situated the 
mouth, which, like that of many other Annelids, is furnished with 
a sort of proboscis that can be either projected or drawn-in ; a short 
oesophagus leads to an elongated stomach, which, when distended 
with fluid, occupies the whole cavity of the central ]>ortion of the 
body, as shown in fig. ii, but which is sometimes so empty and con-^ 
tract^ as to be like a mere cord, as shown in fig. c. in the caudal 
appendage, however, it is always narrowed into an intestinal canal; 
tlus. when the appendage is in extended state as at c, is nearly 
straight; but when the appendage is contracted, as seen at B, it 
thrown into convolutions. The perivisceral cavity is occupied by 
fluid in which some minute coirmscles may bo distinguished ; and 
these are kept in motion by cilia which clothe some parts of the 
outer surface of the alimentary canal and lifce some part of the wall 
of the body. No other more special apparatus, either for the circu- 
lation or for the aeration of the nutrient fluid, exists in this curiou* 
Worm ; unless we areeto regard as subservient to the respiratory 
function the ciliated canal which may be observed in eacli of th« 
lateral appendages except the five anterior pairs. This canal com- 
mences by two orifices at the base of the segment, as shown at fig. 
E, and on a larger scale at fig. n ; each of these orifices (n, a, h} 
is surrounded by a sort of rosette ; and the rosette of the larger one 
(a) is furnished with radiating ciliated ridges. The two branchea 
incline towards each other, and unite into a single canal, that 
runs along for sortie distance in the wall of the body, and then ter- 
minates in the perivisceral cavity ; and the direction of the motlOll 
of the cilia which line it, is from without inwards. 
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598. The Eeproduction and Developmental history of this Annelid 

S at many points of great interest. The sexes appear to be 
ct, ova being found in some individuals, and spermatozoa 
in others. The development of the ova commences in certain 
* germ-cells* situated within the extremities of the pinnulated seg- 
ments, where they project inwards from the wall of the body; these, 
when set free, float in the fluid of the perivisceral cavity, and 
multiply themselves by self -division ; and it is only after their 
number has thus been considerably augmented, that they begin to 
increase in size and to assume the characteristic appearance of ova. 
Tn this stage they usually fill the perivisceral cavity not only of the 
body but of its caudal extension, as shown at c ; and they escape 
from it through transverse fissures which form in the outer wall of 
the body, at the third and fourth segments. The male reproductive 
organs, on the other hand, arc limited to the caudal prolongation, 
where the sperm-cells are developed within the pinnulated appen- 
dages, as the germ-cells of the female are witliin the appendages of 
the body. Instead of being set free, however, into the perivisceral 
cavity, fhev are retained within a saccular envelope forming a testis 
(a, a, n) which fills up the whole cavity of each appendage ; and 
\vithin this the spermatozoa may be observed, when mature, in 
active movement. They make their escape externally by a passage 
that seems to communicate with the smaller of the two just-men- 
tioned rosettes ; but they also appear to escape into the perivisceral 
cavity by an aperture that forms itself when the spermatozoa are 
mature. Whether the ova are fertilized while yet within the body 
of the female, by the entrance of spermatozoa through the ciliated 
canals, or after they have made their e8ca])e from it, has not yet 
been ascertained.™ -Of the earliest stages of embryonic development 
nothing whatever is yet known ; but it has been ascertained that 
the animal passes through a larval form, which differs from the 
*adult not merely in the number of the segments of the body (which 
successively augment by additions at the posterior extremity), but 
also in that of the anteiinm. At g is represented the earliest laiwa 
hitherto met- with, enlarged as much as ten times in proportion to 
the adult at b ; and here we see that the head is destitute of the 
frontal horns, but carries a pair of setigerous antennse, a, a, behind 
which there are five pairs of bifid appendages, h, c, <7, e, /, in the 
first of which, h, one of the pinnules is furwshed with a setn.. In 
moire ad.vanc.ed larvm having eight or ten segments, this is de- 
veloped into a second pair of antennae resembling the first ; and tlie 
animal in this stage has been described as a distinct Bjiecies, T. 
quadrteomis. At a more advanced age, however, the second pair 
attains the euorrnous development shown at b ; and the first or 
larval antennoo disappear, the setigerous portions separating at a 
sort of joint (g, u, o), whilst the basal projections are absorbed into 
the general wall of the l>ody. — This beautiful creature has been 
met-with on so many parts of our coast, that it cannot be con- 
sidered at all uncommon ; and the Microscopist can scarcely have 



FIIESII-WATER ANNELIDS NAIS. 


705 


a more pleasing obiect for study * Its elegant form, its crystal 
clearness, and its sprightly, graceful movements render it attrac- 
tive even to the unscientibo observer ; whilst it is of special interest 
to the Physiologist, as one of the simplest examples yet known of 
the Annelid type. 

599. To one phenomenon erf the greatest interest, presented by 
various small Marine Annelids, the attention of the Microscopist 
should be specially directed ; this is their hnninDnifij, which is not 
a steady glow like that of the Glow-worm or Fire-fly, but a series 
of vivid scintillatioiiH {strongly resembling those ])roduced by an 
electric discharge through a tub(i spotted with tin-foil), that pass 
along a considerable number of segments, lasting for an instant 
only, but capable of being re])eiitedly excited by any irritation 
applied to tne lody of the animal. 'J’hese scintillations maybe 
discerned under tlie i\licrosco})e, even in separate segments, when 
they are subjecbnl to the irritation of a needle-point or to a gentle 
pressure ; and it has been ascertained by the careful observations 
of M. de Quatrefages, that they are given out by the muscular 
fibres in the act of coritraction.f 

GOO, Among the fresh-water Annelids, those most interesting to 
the Microscopist are the worms of th<} Xn/H tribe, which are 
common in our rivers and ponds, living chiefly amidst the mud at 
the bottom, and especially among tlie roots of aquatic plants. 
Being blood-red in colour, they give to the surface of the mud, 
when they protrude themselves from it in large immhcrs and keep 
the protruded portion of their bodies in constant umlulation, a very 
peculiar appearance ; Imt if disturbed, they withdraw themselves 
suddenly and com[»letely. These Worm.^, from the extreme trans- 
parency of their bodies, present jieculiar facilities for Microscopic 
examination, and especially for the study of the internal circula- 
tion of the iVaI liquid comraouly considered as blcxsl. There are 
here no external respiratory organs; and the thinness of the 
general integument appears to 8upi>ly all needful facility for the 
aeration of the fluids. One large vascular trunk (dorsal) may be 
seen lying above the intestinal canal, and another (ventral) beneath 
it ; and each of these enters a contractile dilatation, or heart- like 
organ, situated just behiud the head. The fluid moves forwards 
in the dorsal trunk as far as the heart, which it enters and dilates ; 
and when this contracts, it propels the fluid ])artly to the head, and 

E artly to the ventral fteai*t, which is distended by it. The ventral 
eart, contracting in its turn, sends the blood backwards along the 
ventral trunk to the tail, whence it passes towards the head as 
before. In this circulation, the stream brariches-ofF from each of 
the principal trunks into numerous vessels proceeding to diflerent 

♦ See the Memoirs of the Author and M. CIa})arefic iu Vo!, xxii. of the 
“Linuacan Traiisacttoiifi,’' aud the authorities there refen-ed to ; also a recent 
Memoir by I^r. F. 'Vfejdovsky in “Zeitschrift f. wiss Zool.,” Bd. xxxi., 1880. 

f 8ee his Memoirs on the Annelida of La Mancdn*, in “Ann. dc8 Sci. 

Ser. 2, Zo J.. Tom. xix , and Her. 3. Zool , Tom. xiv. 
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)>art8 of the bodj, which then return into the other trunk ; anc! 
there is a 3 >ecuhar set of vascular coils, hanging down in the peri- 
visceral cavity that contains the corpusculated liquid representing 
the true Vjlood, which seem specially destined to convey to it the 
aerating influence received by the rod fluid in its circuit, thus 
acting (so to speak) like internal gills. — The Naiad-worms have 
been observed to undergo spontaneous division during the summer 
months ; a new head and its organs being formed for the posterior 
segment behind the lint? of constriction, before its separation from 
the anterior. It has been generally believed that each segment 
continues to live as a complete worm ; but it is asseried by Dr. T. 
Williams that from the time when the division oeeurs, neither half 
takes-in any more food, and that the two segni(?nts only retain 
vitality enough to enable them to bo (as it were) the ‘ nurses’ of 
the eggs which both include. — In the Leech tribe, the dental ap- 
paratus with which the inoutli is furnished, is one of the most curious 
among their points of minnte structure ; and the common ‘ medi- 
cinal’ Leech alYorda one of the most interesting examples of it. 
What is commonly termed the ^ bite’ of the b*ech, is really a saw- 
cut, or rather a combination of three saw-ciits, radiating irom a 
common centre. If the month of the leech be examined with a 
hand-magnifier, or even with the naked eye, it will be seen to be a 
triangular aperture in the midst of a sucking disk ; and on turning 
back the lipi? of that aperture, three little white ridges are brought 
into view. Each of these is the convex edge of a horny semi-circle, 
which is bordered by a row of eighty or ninety minute bard and 
sharp teeth; whilst the straight border of the semicircle is iml>edded 
in the mnscnlar substance of the disk, by the action of which it is 
made to move backwards and forwards in a saw -like manner, so 
that the teeth arc enabled to cut into the skin to which the suctorial 
disk has affixed itself.* 

• Among tlio niori' rorent of iufoimafion ns to tho Aiiatoniy aiul 

rbyniology of the the foll^iwiiig niny bo specially j—l’lui 

"llistoiro KaInreUo des Annelids Marins ot d’Eau donee’' of M. do Q,nntrefagos, 
forming txtrt <»f the “ijuitoHsiJluffoii;” fiio suecessivt' admirable Monoirmplis of 
the latoProf. Ed. riaparaie, “IJeclierches Anntomiques snr lea Anuolides, Tiir- 
bellaries, Opalines, et (iK’garim'H, observes dans los Htdnides” (Geneva, 1861); 
‘‘Recherchos Anatemiquea siir los OligoclnMos” (Gt‘iu>vn, 1802): ‘‘Bcolmch- 
timgeu iiber Anntomie nnd Entwiokelungsgcschielite Wivijellosen Thioro 
an dor Ktlsto von Nonnnndio” (Leipzig, 180,S); and. “Les Anndhdes Chdto- 
podos du Golfo do Naples'* (G<inova, 1808-70); ''the Monograph of Hr. 
Ehlers, “Pie BorsteiiM (inner (Annelida Ghaet<qiOdn)/' 1864- 8; and Instly, Dr. 
Macintosh’s “Mouogmph of the British Annelids,” now in eonrse of publieation 
by the Ray Qociety, 
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CJirSTACEA. 

001. Passing from the lower division of the Articulated serios; 
to that of Arihrnjunh, in which the ]»ody is furnished with distinctly 
articulated or jointed liinhs, we <‘onie tirst to tln‘ Class of Crus- 
tcu'ca, which iiicUidcH (when used in its most coin])rehensivo sense) 
all those animals belonii-in^ to this i^roup, whicli are fitted for 
lu^uatic respiration. It thus (tomprc^hends a very extonsivo 
of forms ; for althoue^li we are aceustoimMl to think of the Crab, 
Lobster, Cray-fish, and other well-known six^cies of the order 
Dcrapoda (ten-foote<l), as its tyjacal examples, yet all these belong 
to the highest of its many ordtjrs ; and among the lower are many 
of a far simpler structure, and not a few whi(‘h would not b(5 
recognized as belonging to the elass at all, wa-rc it not for the in- 
formation d(‘rived from the study of their development as to their 
real nature, which is far mon* apparent in their early than it is in 
their adult condition. JMany of the inferior kinds ^)f Crustacea 
are so minute and transparent, that their whole stnudiire may bo 
made-out by the aid of the Microscope* without any preparation; 
this is the ease, indexed, wuth nearly the whole group of Entomn^ 
straca (§ 003), and with the larval forms even of the Cruh and its 
jillies {§ 614) ; and wo shall give our first attention to these, after- 
wards noticing such points in the structure of the larger kinds as 
are likely to he of geiieral inLjrest. 

60*2. A curious example of the reduction of an elevated ty^ie to 
aver^' simple form is presented by the group of Vynwfionidn^ some 
of the memliers of which may i>e found by attentive search in 
almost every locality ^hcro seti-w'ceds abound ; it being their habit 
to crawl (or rather to sprawl) over the surfaces of these, and 
probably to imbibe as food the gelatinous substance with which 
they arc invested.* The general form of their l|Ddie8 (Fig. 410) 
usually reminds us of that of some of the long-legged Crabs ; the 
abdomen being almost or altogether deficient, whilst the head is 
very small, and fused (as it were) into the thorax ; so that the last- 
named region, with the members attached to it, constitutes nearly 

* It is reTOarkablo^.hat very large forms of this group, sometimes extending 
to more than twelve inches across, have been brought up from great depths of 
the sea. 
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the whole bulk of the animal. The hea^ is extended in front into 
a proboscisdike projection, at the extremity of wliich is the narrow 
onfioe of the mouth ; which seems to be furnished with vibratile 
cilia, that serve to draw into it the semi-fluid aliment. Instead of 
being furnished (as in the higher Crustaceans) with two pairs of 
antennae and numerous pairs of ‘ feet-jaws,' it has but a single pair 
of either ; it also bears lour minute ocelli ^ or rudimentary eyes, set 
at a little difference from each other on a sort of tubercle. Fron) 
the thorax proe(‘ed four pairs of legs, each composed of several 


Fk;. 410. 



Auiiuothea jitfcnof/onohles : — a, luimm’' ccsopljagus ; h, stonmcli; 

<!, iiitt'stiuo ; dy digestive ca;ca of the feet-iJiWB; c, c, digestive 
ca*ea of the legs. 

joints, and terminated by a hooked claw ; and by these members 
the animal drt^s itself slowly along, instead of walking actively 
upon them like a crab. The mouth leads to a very narrow ojso- 
phagUB (u), which passe.s back to the central stomach (6) situated 
in tile midst of the thorax, from the hinder end of which a narrow 
intestine *(c)t>a8ae8-off, to terminate at the posterior extremity of 
the body. From the central stomach five pairs df caical prolonga- 
tions radiate; one pair (d) entering the feet-jaws, the other four 
(c, e) penetrating the legs, and passing along them as far as the last 
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joint but one ; and those extensions are covered with a layer ot 
brownish-yellow granules, which are probably t(J be regarded as a 
diffused and rudimentary condition of the liver. The stomach and 
its cmcal prolongations are continually executing j)eristaltic inove- 
nicnts of a very v-urious kind ; for they contract and dilate with an 
irregular alternation, so that a flux and reflux of their contents is 
constantly taking place between the central portion and its 
radiating extensions, and between one of these extensions and 
another. The perivisceral space betwetm the widely-ex tended 
stomach and the walls of the body and limbs is occupied by n 
transparent liquid, in wdiich are seen floaiiiig a nuiidM'r of minute 
transparent corpuscles of irregular size; and this fluid, which 
represents the blood, is kept in continual motion, not only by the 
general movements of the animal, but also by the actions of the di- 
gestive apparatus ; since, whenever tint caecum of any one of the legs 
undergoes dilatation, a ])art of the eircumamhieiit liquid will be 
presHed-t3ut from the cavity of tlnit limb, either into the thorax, or 
into some other limb whose stomach is contracting, dlie fluid must 
obtain its aeration tbrougli the general surface of the body, as 
there are no special organs of r(‘sj>iration. ddie nci'vous system 
consists of a single ganglion in tlie head (fornntd by the coalescence 
of a pair), and of anotlutr in the thorax (formed by the coales- 
cence of four pairs), witli which the cephaliC/ ganglion is conuectc'd 
in the usual mode, namely, by two nervous cords which diverge 
from each other to embrace tin; (r.sophagus. — In the study of tfu* 
very curious phenomena exhibited by tin* digestive ajiparatus, as 
well as of the various ’points of internal conformation whicjh have 
been described, the Achromatic Condenser will bo found useful, even 
with the 1 inch, 2-drds inch, or J inch Objcctivt;H ; for the imperfect 
transparence of the liodics of these animals renders it of inqmrtance 
to drive a large (piantity of light through them, and to give to this 
light such a quality as shall sharply debue the internal organs.* 

OOfb Entomostuac A. — This group of Crustaceans, nearly all the 
existing members of which arc of such minute size as to be only 
just visible to the naked ('ye, is distinguished by tin* enclosure of 
the entire body within a horny or shelly casing ; which sometimes 
closely resembles a bivalve shell in form and in the mode of junc- 
tion of its parts, whilst in other instances it is formed of only a 
single piece, like tlie^iard env(‘lope of c(^rtain Kofifera (§ 458, in,). 
The segments into which the liody is divided, are frequently very 
numerous, and are for the most j)art similar to each other ; but 
there is a marked difference in regard to the appendages which 
they bear, and to the mode in which these minister t<i the locomo- 
tion of the animals. For in the Loyhjroyada, or ‘ bristly-footed’ 

* Certain points of roaembknee homo by Pyaiogonida to Spiderj^ makes the 
careful study of tlieir development a matter of si>ecial interest and impe^rttmee j 
as there is some reason to regard them rather as Arachvida ridapted to a marine 
habiiaty than as Crustacea. — See Balfour’s “Comparative Embryology/* 
pp, 448, 449, and the authorities there referred to. 
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tribe, the number of is •email, not exceeding five pairs, imd 
their function is limited to locomotion, the respiratory organs being 
attached to the parts in the neighbourhood of the mouth ; whilst 
in the Branckiopodat or ‘ gill-footed* tribe, the same members 
(known as ‘ fin-feet’) serve both for locomotion and for respiration, 
and the number of these is commonly large, being in Apns not less 
than sixty pairs. The character ot tlieir movemenis differs ac- 
cordingly ; for whilst all the members of the first-named tribe dart 
throu^ the water in a succcHsion of jerks, so as to have iicquiredthe 
common name of ‘water-fleas,’ those among the latter which j)OBsess 
a great numVjcr of ‘ fin -foot,* swim with an easy gliding movement, 
sometimes on their back alone (as in the with Branch ipns), 
and Bometimes with e<|nal facility on tlie back, belly, or sides (as is 
done by Arteuim f«dit(a, the ‘ brine shrimp'), — Some of the most 
common fonns of both tribes will now be ])riefly noticed. 

604 . The tribe of Lopkyropoda is di\0(leJ into two Orders ; of 
which the first, OAi/rttcomr, is distinguished by the complete enclo- 
sure of the body in a bivalve shell, by the small number of legs, 
and by the absence of an external ovary. Out? of the best known 
examples is the little Cijpri^, which is a common inhabitant of 
pools and streams : this may be recognized by its possession of two 
pairs of antenuai, the first having numerous joints with a pencil- 
like tuft of filaments, and projecting forwards from the front of 
the head, whilst the second has more the shape of legs, and is 
directed downwards ; and by the limitation of its legs to two pairs, 
of which the postm-ior does not make its i\})pearance outside the 
shell, being bent upwards to give support to the ovaries. l''he valves 
are generally ojyeTied widely enough to allow the greater jmrt of 
both pairs of aiiteunm and of the front jmir of legs to pass-out 
between them ; but when the animals are alarmed, they draw these 
members within the shell, and close the valves firmly. They are 
very lively creatures, being almost constantly seen in motion, either 
swimming by the united action of their foot-like aiitemim and legs, 
or walking upon plants and other solid bodies floating in wie 
water. — Nearly allied to the preceding is the C inhere, whose body 
is furnished wuth three pairs of legs, all projecting out of the 
shell, and whose superior auteunm are destitute of the filamentous 
brush ; this genus is almost entirely marine, and some species of 
it may almost invariably be met- with in little pools among the 
rocks between the tide-marks, creeping about (but not swimming) 
amongst Conferva) and Corallines. — There is abundant evidence of 
the former existence of Crustacea of this group, of larger size than 
any now existing, to an enormous extent ; for in certain fresh-water 
strata, both of the Secondary and Tertiary series, we find layers, 
sometimes of great extent and thickness, which are almost entirely 
composed of the fossilized shells of Cyprides ; whilst in certain 
parts of the Chalk, which was a marine deposit the remaing of 
bivalve shells resembling those of Gyilvere present ihemselves in such 
abundance ae to form & cousidetable part of its substance. 
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605. In the order Cf^pepodiit there is a jointed shell forming^ a 
kind of buckler or carapace that almost entirely encloses the head 
and thorax, an opening being left beneath, through which the 
members project ; and there are live pairs (^f legs, mostly adapted 
for swimming, the fifth pair, however, being rudimoutary in the 
genus Cyclops, the commonest example of the groiijK This genus 
receives its name from posseasing only a single eye, or rather a 
single clustcjr of ocelli ; 

which character, how- Fjo. 111. 

ever, it has in com- 


mon with the two ge- 
nera already named, as 
well as with l)a])]nua 
{§ 606 ), and with many 
other Imtomostraca. 
Jt contains numerous 
species, s(»inc of wlilch 
belong to f re .^h- water, 
whilst others are ma- 
rine. Tlie Fr(}sli-water 
species often abound 
in the niuddi(!st and 
most stagmaut pools, 
as well as in tin; 
clearest springs ; the 
ordimiry waiter witl^ 
which London is su])- 
plied iVegueiitly con- 
tains large nnmlxms of 
them. ( )f the luariue 
species, some are to be 
found in the localities 
in which the Cy there is 
most abundant, whilst 
others inhabit the open 
ocean, and must Ije col- 
lected by the 'J'ow-net. 
The body of the*. (Jy clops 
is soft and gelatin oul, 
and it is eompo.scd of 



A, Ji'iiijin' of C*icfo/tH qundrlcnrnlH ; — a, body; 
h, Uil ; (\ aiitiMiiia ; r/, antouuuli* ; (\ foot; J\ plu- 
mose setse of tail : — r., toil, with ('xtorunl egg- 
saf's: — c, n, B, r, o, Bucct^ssivo stages of devo- 
lopmout of young. 


two distinct parts, a thorax (Fig. 411, a) and an abdomen (h), of which 
the latter, being comparatively slender, is commonly considered as a 
tail, though traversed by the intestine wliich terminates near its 
extremity. The head, which coalesces with the thorax, bears one very 
large pair of antonnm (c), possessing numerous articulations ana 
furnished with >|riHtly apj>endage8, and another small pair {d ) ; it 
is also furnished with a pair of mandibles or true jaws, and with 
two pairs of ‘ feet-jaws,^ of which the hinder pair is the longer and 
more abundantly supplied with bristles. Idic logs (e) ate ail beset 
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with plumose tufts, as is also the tail (/,/) which is borne at the 
extremity of the abdomen. On either side of the abdomen of the 
female, there is often to be seen an egg-capsule or external ovarium 
(b) ; witliin which the ova, after being fertilized, undergo the earlier 
stages of their development. — The Cyclops is a very active creature* 
and strikes the water in swiinming, not merely with its legs and 
tail, but also with it.s antennao. Ino rapidly-repeated movements 
of its feot-jaws serve to create a wdiirlpool in the siirrounding 
water, by which minute animals of various kinds, and even its own 
young, are brought to its mouth to Imi <levoured. 

tiOb. The tribe of Unim\hii>itO(hi als(» is di\ided into two Orders, 
of which the Cltulorern })reMeiit the nearest approach to the pre- 
ceding, having a bivalve carapace, no more than from lour to sbc 
pairs of legs, two pairs of antenna , of which one is large and 
branched and uda})ted for swimming, and a single eye. The com- 
monest form of this is the Duphita Honietimes called the 

‘ arborescent water-dea,' 1‘rom the liranehing form of its antennav 
It is very abundant in many jiomls and ditches, coming to the sur- 
face in the mornings and evenings and in cloudy weather, but seek- 
ing the depths of tlie wat<*r during tlui heat ol tlu' day. It swims 
by taking short springs; and feeds on minute particles of vegetable 
substances, not, however, rejecting animal mattiT wlieu offered . 
Some of the peculiar phenomena of its reproduction will bo xu'c- 
sently describt^d (§ bOi*). 

b07. The other order, inclmles those Braiichiopo<la 

whose body is divided into a great number of segments, nearly all 
of which are furnished witli leaf-like inemfjers, or ‘tin-feet.’ Th(‘ 
two Families which this order includ(‘M. howtwer. differ considerably 
in their coufoinnatiou ; for in that of which the genera and 
yelKiUa are representatives, the body is enclosed in a shell, either 
shield-like or bivalve, and the feet ari' generally very numerous ; 
whilst in that which contains BraitrhipHH VLnd Arfemiot the body is 
entirely unprotected, and tlu‘ number of jiairs of feet does not 
exceed eleven. ^J’hc Apun cdiirriforinh^ which is an iiniinal of com- 
porativaly large sizts its eiitirt; length being about inches, is un 
inhabitant of stagnant waters ; but although occasionally very 
abundant in particuhir })ot»ls or ditches, it is not to be mot-witn. 
neatly so commonly as the Entomostraca already noticed. It is 
recognized by its large oval carajiace, which ^covers the head and 
body like a shield ; by the nearly cylindrical form of its body, 
which is composed of thirty articulations ; and by the multiplica- 
tion of its legs, which amount to about sixty pairs. The number 
of joints in these and in the other apx>endages is so great, that in a 
single individual they may be safely estimaU'd at not less than.twc> 
millions. These organs, however, are for the most part small ; and 
the instruments chiefly used by the animal for locomotion are the 
first pair of feet, which are very much elongated^ (bearing such a 
resemblance to the principal antenna) of other Entomostraca, as 
to be commonly ranked in the same light), and are distinguished as 
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raiiii or oars. With these they can swim freely in any position ; 
but when the rami are at rest and the animal floats idly on the 
water, its tin-feet may be seen in incessant motion, causing a sort of 
whirlpool in the water, and bringing to the mouth the minute 
animals (chiefly the smaller Entomostraca inhabiting the same 
localities) that sen^e for its food. — The JiranchqmB BUx^nalh has 
a slender, cylindriform, and very transparent body of nearly an inch 
in length, furnished with eleven })air8 of fin-feet, but is destitute of 
any protecting envelope ; its head is furnished with a pair of very 
ciinous prehensile organs (which are really modified antenna)), 
whence it has received the name of (■hfun>crpholuH ; but these are 
not used by it for the seizure of j>rey, the food of this animal being 
vegetable, and tlieir function is to olasj) the female in the act of 
copulation. The Branchipns or Cheirocephaliis is certainly the 
most beautiful and elegant of all the Entomostraca, being rendered 
exireinely attractive to the vicAV by “ the uuinterru])ted iindulatory 
wavy motion of its gratteful branchial feet, slightly tinged as they 
are with a light reddish hue, the brilliant mixture of transparent 
bluish-green and bright red of its prehensile antennas audits bright 
red tail with the beautiful plumose seta) springing from it un- 
fortunately, however, it is a comparatively rare animal in this 
eouutrv."“The Arlcin!(f, anJhia or ‘brine shrimp’ is an animal of 
very similar organization, and almost c<[ually beautiful in it? 
apjiearanec and movements, but of smaller size, its body being 
about half an inch in length. Its ‘ habitat’ is very peculiar ; for 
it is only found in th<^ salt-pans or brine-pits in which sea-water 
is undergoing concentration (as at Lymiugton); and in these 
situations it is sometimes so abundant as to communicate a red 
tinge to the liquid. 

008. Some of the most interesting points in the history of the 
E atomostmea lie in the ])eculiar mode in which their generative 
function is performed, and in their tenacity of life when desiccated, 
in which last respect they correspond with many Rotifers (§ 452), 
By this provision they escajie being completely exterminated, as 
they might otherwise soon be, by the drying-up of the pools, ditches, 
and other small collections of water which constitute their usual 
‘ habitats.’ It does not appear, however, that the adult Animals 
can bear a anaplete desiccation, although they will preserve their 
vitality in mud that* holds the smallest quantity of moisture; but 
their eggs are more tenacious of life, and there is ample evidence 
that these will become fertile on being moistened, after having rc* 
mained for a long time in the condition of fine dust. Most Knto« 
mostraca, too, are killed by severe cold, and thus the whole race of 
adults perishes every winter ; but their eggs seem unaffected by 
the lowest temperature, and thus continue tne species, which would 
be otherwise exterminated. — Again, we frequently meet in this group 
with that agamfc reproduction, which we have seen to prevail »o 
extensively among the lower Badiata and Mollnsca. In many 
species there is a double mode of multiplication, the sexual ana 
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tlie aon-sexnal. The former talces-place at certain seasons only ; 
the males (which are often so different in conformation from the 
females, that they would not be supposed to belong to the same 
species, H they were, not seen in actual congress) disappearing 
entirely at other times. The latter, on the otnev hand, continues 
at all periods o£ the year, so long as warmth and food are supplied; 
and is repeated many times (as in the Hydra) so as to give origin 
to as many successive ‘ broods.’ Further, a single act of impreg- 
nation serves to fertilize not merely the ova which are then mature 
or nearly so, but all those subsequently produced by the same 
female, which are deposited at considerable intervals. In these two 
modes, the multiplication of these little creatures is carried-on with 
great rapidity, the young animal speedily coming to maturity and 
beginning to propagate ; so that according to the computation oi 
Jurine, founded upon data ascertained by actual observation, a 
single fertilized female of the common Cifrlops (jfutdricoruia may he 
the progenitor in one year of 4,442,189,120 young. 

609. The eggs of some Eiitomoatraca are deposited freely in the 
water, or are carefully attached in clusters to aquatic Plants ; but 
they are more freipicntly carried for some time by the parent iu 
special receptacles developed from the posterior part of the body ; 
and in many cases they are retained there until the young are reauy 
to come- forth, so that these animals may he said to be ovo-vivi- 
parous. In BapUnla, the eggs are received into a large cavity 
between the back of the animal and its shell, and there the young 
undergo almost their whole development, so ^is to come-forth in a 
form nearly resembling that of their panmt. Soon after their 
birth, a moult or exuviation of the shell takos-place ; and the egg- 
coverings are cast-off with it. In a very short time afterwards, 
another brood of eggs is seen in the cavity, and the same process 
is repeated, the shell being again exuviated after the young have 
been brought to maturity. At certain times, however, the Ihvph nia 
may be seen with a dark opaque substance’ within the back of the 
shell, which has been called the ephipplnm^ from its resemblance to 
a saddle. This, when carefully examined, is found to be of dense 
texture, and to be conqKised of a mass of hexagonal cells ; and it 
contains two oval bodies, each consisting of an ovum covered with 
a horny casing, enveloped in a capsule which opens like a bivalve 
shell. From the observations of Sir J. Lubb^kik,* it appears that 
the ephippinm is really only an altered portion of the carapace ; its 
outer valve being a part; of the outer layer of the epidermis, and 
its inner valve the corresponding part of the inner layer, llie 
development of the ephippial eggs takes-place at the posterior part 
of the ovaries, and is accompanied by the formation of a greenish- 
brown mass of granules ; and from this situation the eggs paas 
into the receptacle formed by the new carapace, w^ere ^ey become 
included between the two layers of the ephippium. This is cast-off, 

• * An ikcoonni ol the two tarthods of Eeproduction in Jktphnkty nnd of the 
ntnu^uKS of the Ephippium,* in *^Fhi]o8ophica.l Xt'ansaciions,** 1857, p. 7^* 
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an process of timo, witb. the rest of the skin,, from which, however, 
it soon becomes detached ; audit continues to envelope the eggs, 
geoerally floating on the surface of the water until they are hat^M 
with the returning warmth of spring. This curious provision 
obviously affords protection to the eggs which are to endure the 
severity of winter cold ; and an apj^roach to it may be seen in the 
remarkable firmness of the envelopes of the ‘winter eggs’ of some 
Rotifera (§ 451). There seems a strong probability, from the 
observations of Sir J. Lubbock, that the ‘ ephippiar eggs are true 
sexual products,’ since males arc to bo found at the timo when the 
ephippia are developed ; whilst it is certain that the ordinary eggs 
can be produced non- sexually, and that the young which spnng 
from them can multiply the race in like manner. The young 
produced from the epnippial eggs seem to have the same power 
> of continuing the race by non-sexual reproduction, os the young 
developed under ordinary circumstances. 

610. In most Lntomostraca, the young at the timo of tlieir 
emersion from the egg differ considerably from the parent, espe- 
cially in having only the thoracic portion of the body as yet evolved, 
and in possessing but a small number of locomotive appendages 
(see Fig. 411, c;-g) ; the visual organs, too, are frequently wanting 
at first. The process of devolopmeut, however, takes place witn 
great rapidity ; the animal at each successive moult (which process 
18 very commonly repeated at intervals of a day or two) j)rc8enting 
some new parts, and becoming more and more like its parent, which 
it very early rcacmblt^ in its power of multiplication, the female 
laying eggs before she has attained her own full size. Even when 
the Entomostraca have attained their full growth, they continue 
to exuviate their shell at short intervals during the whole of 
life; and this repeated moulting seems to prevent the animal 
froin being injured, or its movements (A)structed, by the over* 
growth of parasitic Animalcules and Confervjjo; weat and sickly 
individuals being frequently seen to be so covered with such para- 
sites, that their motion and life are soon arrested, apparently 
because they have not strength to cast-off and renew their enve- 
lopes. The process of development appears to depend in some 
4 lcgree upon the influence of light, being retarded when the animals 
are secluded from it ; but its rate is still more influenced by heat ; 
and tliis apj>ears als^to be the chief agent that regulates tne time 
which elapses between the moultings of the adult, these, in 
Baphnia, taking-place at intervals of two days in warm summer 
weather, whilst several days intervene between them when the 
weather is colder. The cast shell carries with it the sheaths not 
only of the limbs and plumes, but of the moat delicate hairs and 
setfiB which are attached to them. If the animal have previously 
sustained the logs of a limb, it is generally renewed at the next 
moult, as in higher Crustacea.^ 

* For a systematic and detailed account of this Baird’s 

History of the British Entomostraca,’’ published by the Kay Society* 
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Oil. Closely connected with the Entomostracous group is the 
tribe of auetm’lal Crustacea; which for the most part live as 
parasites upon the exterior of other animals (especially Fish), 
whose juices they imbibe by means of the peculiar jjroboscis-like 
organ which takes in them the place of the jaws of other Crus- 
taceans ; whilst other appendages, representing the feet-jaws, are 
furnished with hooks, by which these parasites attach themselves 
to the animals from whose juices they derive their nutriment. 
Many of the suctorial Crustacea bear a strong resemblance, even 
in their adult condition, to certain Kntoinostraca ; but more com- 
monly it is between the earlier forms of the two groups that the 
resemblance is the closest, most of' the Surforiit undergoing such 
extraordinary changes in their ])rogress towards the adult con- 
dition, that, if their complete forms were alone attended-to, they 
might be excluded from the class altogi;ther, as has (in fact) been 
done by many Zoologists. — Among those Suctorial (^rustacca which 
present the nearest approach to the ordinary Kntomostracous type, 
may bo specially mentioned the An/tdifK foUtteme, which attaches 
itself to the surface of the bodies of fresh-water Fish, and is com- 
monly known under the name of the ‘ tish louse.’ This animal has 
its body covered with a large firm oval shield, which does not 
extend, however, over the posterior part of the abdomen. The 
mouth is armed with a ]>air of styliform mandibles ; and on each 
side of the proboscis there is a large short cylindrical appendage, 
terminated by a curious soi*t of sucking-disk, with another pair of 
longer jointed members, terminated by prehensile hooks. These 
two pairs of appendages, which are probably to be considered as 
representing the feet-iaws, are followed by four pairs of legs, 
which, like those of the Tlraiichiopods, are chiefly adapted for 
swimming ; and the tail, also, is a kind of swimmeret. This little 
animal can leave the fish upon which it feeds, and then swims 
freely in the \rate.r, usually in a straight line, but frequently and 
suddenly changing its direction, and sometimes turning over and 
over several times in succession. The stomach is remarkable for 
the large cmcal prolongations which it sends out on either side, 
immediately beneath the shell ; for these subdivide and ramify in 
such a manner, that they are distributed almost as mmutely as the 
cmcal prolongations of the stomach of the Plamiria (Fig. 406). 
The proper alimentary canal, however, is continued backwards, 
from the central cavity of tbo stomach, as an intestinal tube, 
which terminates in an anal orifice at the extremity of the ab- 
domen , — A far more marked depai-ture from the typical form of the 
class is shown in the Lenum, which is found attached to the ^Is 
of Fishes. This creature has a long suctorial proboscis ; a short 
thorax, to which is attached a single pair of legs, which meet at 
their extremities, where they hear a sucker which helps to give 
attachment to the parasite ; a large abdomen f and a pair of 
pendent egg-sacs, in its adult condition it buries its anterior 
portion in tne soft tissue of the animal it infests, and appears to 
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have little or no power of changing its place. But the young, 
when they come forth from the egg, are as active as the young of 
Cyclops (Fig. 411, c, n), which they much resemble; and only 
attain the adult form after a series of metamorphoses, in which 
they cast off their locomotive members and eyes. It is curious 
that the original form is retained with comparatively slight change 
by the males, which increase but little in size, and are so unlike tne 
females tiiat no one would suppose the two to belong to the same 
family, much less to the same species, but for the Microscox>ic 
study of their development.* 

612. From the^'^parasitic Suctorial Crustacea , the transiiiou is not 
really so abrupt as it might at first sight ,a])pear to the group of 
CirAlpaday consisting of the linniacJvs and their allies : for these 
like many of the Suctoria, are fixed to one spot during the adult 
portion of their lives, but come into the world in a condition that 
bears a strong resemblance to tbc early state of many of the true 
Crustacea. The departure from the ordinary Oustacean type in 
the adults, is, in fact, so great, that it is not surprising that Geolo- 
gists in general should have ranked them in a distinct Class ; their 
superficial re.semblance to the Mollusca, indeed, having caused most 
systematists to place them in that series, until due weight was 
given to those structural fcature.s whicli mark their ‘ articulated’ 
character. Wo must limit ourselves, in our notice of this group, 
to that very remarkable part of tluur history, the Microscopic 
study of which has contributed most essentially to the elucidation 
of their real nature. The observations of Mr. .1, V. Thompson,! 
with the extensions an^ rectifications which they have subsequently 
received from others (especially Mr. S})encc Bate;]; and Mr. 
Darwiu§) sliow that there is no essential difference between the 
early forms of the srsnilr (Balanidm or ‘ acorn •sliells’) and of the 
peduncithdfd CirYhipedn (Lepadidio or ‘barnacles’); for both arc 
active little animals (Fig. 4J2, a), possessing throe pairs of legs 
and a pair of conij>ound eyes, and having the body covered with an 
expanded carapace, like that of many Entomostracous Crusta- 
ceans, so as in no essential particular to differ from the larva of 
Cyclops (Fig. 411, c ). After going through a series of raotamor* 
phoses, one stage of wljicli is rc])re8ented in Fig. 412, n, these 
larvm come to ])reseDt a form, n, which reminds us strongly of that 
of Daphiio ; the being enclosed in a shell composed of two 
valves, which are united along the back, wliilst they are free along 
their lower margin, where they separate for the protrusion of a 

♦ As the group of Suctoriftl Cnistacoa is rather interesting to the professed 
Xaiuralist than lothe amaU*ur Mirroacopist, even an otitlino view of it would 
he unsuitable to the presi^nt work; and iho Author would refer such of his 
readers as may desire to study it, to the excellent Treatise by Dr. Baird already 


f “ Zoological llesearcbes,” No, iv., 1830, and I’hilos. Transact., 1835, p. 353, 
t ‘On the Deve)(if)ment of the Oirripedia,* in “Ann. of Nat Ilist./' Her. 2, 
Vol. viii. (1801 1, p. .321. 

§ “Monograph of the Sub-Class Cirripedia^*^ published by the Kay Society. 
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large and strong anterior pair of preXiensilo limbs provided with 
an odbesive sucker and books, ana of six pairs of posterior legs 
edited for swimming. This bivalve shell, with the members of 
both kinds, is subsequently thrown-off ; the animal then attaches 
itself by its /md, a portion of which, in the Barnacle, becomes 
excessively elongated into the ‘ peduncle’ of attachment, whilst in 

Fig. 412. 





of liaiaum halavokUd: — A, oarliost fonn ; i;, 
larva after socond iiumlt ; c, aide view of tbo same ; J), 
iinmodiatcly preceding tlio Iokh of activity ; «, stomach (?) ; 
nucleus of futiu’e attachment (?). 

Balanus it expands into a broad disk of adhesion ; the first 
thoracic segment sends backwards a prolongation which arches 
over the rest of the body so as completely to enclose it, and of 
which the exterior layer is consolidated into t^e * multivalve’ shell ; 
whilst from the otlier thoracic segments are evolved the six pairs 
of cirrMj from whose peculiar character the name of the group is 
derived. These are long, slender, many-jointed, tendril-like 
appendages, fringed with delicate filaments covered with cilia, 
whose action serves both to bring food to the mouth, and to main- 
tain aerating currents in the water. The Balani are i^ecuHarly 
interesting objects in the Aquarium, on account of the pumping 
action of their beautiful feathery appendages,* which may be 
watched through a Tank-Microscope ; and their cast skins, often 
collected by the Tow-net, are well worth mounting. 
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613. Malacostraca, — ^The oHef points of interest to tLo 
croscopist in the more highly-organized forms of Crustacea, are 
furnished fey the structure of the skell, and by the phenomena of 
metamorplhoeiSf both which may be best studied in toe commonest 
kinds. — ^rhe Shell of the Decapods in its moat complete form 
consists of three^ strata — namely, 1, a horny structureless layer 
covering the exterior ; 2, an areolated stratum ; and 3, a laminated 
tubular substance. The innermost and even the middle layers, 
however, may be altogether wanting ; thus, in the Phyllosomm or 
‘ glass-crabs,’ the envelope is formed by the transparent horny 
layer alone; and in many of the small crabs belonging to the 
genus Portuna, the whole substance of the carapace beneath the 
horny investment presents tlie areolated structure. It is in the 
large thick-shclled Crabs that we find the three layers most 
diiferentiated. Thus, in the common Cancer pagurus, we may 
easily separate the structureless horny covering after a short 
maceration in dilute acid ; the areolated layer, in which the pig- 
mentar}^ matter of the coloured parts of the shell is chiefly con- 
tained, may bo easily brought into view by grinding-away from 
the 'hiuer side as flat a piece as can be selected, having first 
cemented the outer surface to the glass slide, and by examining this 
with a magnifying power of 2ri0 diameters, driving a strong light 
through it with the Achromatic CondeiiHcr ; whilst the tubular 
structure of the thick inner layer may be readily demonstrated, by 
means of sections ])arallcl and x>er|)cndicular to its surface. This 
structure, whicli resembles that of (§ 655), save that the 

tubuli do not branchy but remain of the same size through their 
whole course, may be particularly well seen in the black extremity' 
of the claw, which (apparently from some X)eculiarity in the mole- 
cular arrangement of its mineral particles) is much denser than the 
rest of the shell; the former having almost the serni-transparence 
of ivory, whilst the latter has a chalky ox)acity. In a transverse 
section of the claw, the tubuli may be seen to radiate from the 
central cavity towards the surface, so as very strongly to resemble 
their arrangement in a tooth ; and the resemblance is still further 
increased by the presence, at tolerably regular intervals, of minute 
sinuosities corresponding with the laminations of the shell, which 
seem, like the ‘ secondary curvatures’ of the dentinal tubuli, to 
indicate successive st^es in the calcification of the animal basis. 
In thin sections of me areolated layer it may be seen that the 
apparent walls of the areolae are merely translucent spaces from 
which the tubuli are absent, their orifices being abundant in the 
intervening spaces.* The tubnlar layer rises-np through the 
* The Author is now quite satisfied of the correctness of the interpretation 
put by Prof. Huxley (see Iiis Article, ^ Tegumentary Or^rans,* in the ‘‘Cyclop, 
of Anat. and Phys.,” Vol. v., f). 4S7) .and by Prof. W. C. Williamson (‘On somo 
Hietolc^ical Features in the Shells of Crustacea,’ in “Quart Jouni. of Microitc. 
Science,” Vol. viii., 18150, p. 38% upon tUo appearances which he formerly 
described (** Reports of Rritish Association*’ for 1847, p. 128) as indicating a 
cellular structure in this layer. 
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pigmentary layer of the Crab’s shell in little papillary elevations, 
which seem to be concretionary nodules; and it is from the de- 
ficiency of the pigmentary layer at these parts, that the colonrod 
portion of the shell denves its minutely-speckled appearance.— 
Many departures from this type are presented by the difierent 
species 01 Decapods ; thus, in the Prawnn, there are are large stel- 
late pigment*8pots (resembling those of Frogs, Fig. 465, c), the 
colours of which are often in remarkable conformity with those of 
the bottom of the roi^k-pools frequentc<i by these creatures ; whilst 
in the 8hrimpn there is seldom any distinct trace of the areolated 
layer, and the calcareous })ortion of the skeleton is disposed in the 
form of concentric rings, which seem to be the result of the con- 
cretionary aggregation of the calcifying deposit (§ 7F1). 

614. It is a very curious circumstance, that a strongly -marked 
difference exists between (’rustaceans that are otherwise very 
closely allied, in regard to the degree of change to which their 
young arc subject in their progress towards the adult condition. 
For whilst the common ih'ah, LnhHfvy, Spruy Lobster, Prawn, and 
Shrimp undergo a regular metamorphosis, the young of the Cratp 
Jhh and some Land-irahs comc-forth from the egg in a form which 
corresponds in all essential particulars with that of their parents. 
Generally speaking, a strong resemblance exists among the young 
of all the 8})ecies of Deca})ods which undergo a metamorphosis, 
whether they are afterwards to belong to the macrourone (long- 
tail(Kl) or b) the hraehifoaraas (short- tailed) division of the group; 
and the forms of these larvjc are so peculiar, and so entirely 


ri(.. 413. 



Metiunor))li<isis uf Carrinus vumant : — a, lir^t or jCf)en Rtago ; 
Bot’ond or stago ; c, third stage, iu which it begins 

to RSSU1U0 the adult fiirin ; ]>, j><*rfect form. 


different from any of those *in to which they are ultimately to be 
developed, that they were considered as hclonging to a distinct 
l^nus, Zo6(i, until their real nature was first ascertained by Mr. 
J. V# Thompson, Thus, in the earliest state of Carclnm ‘nmnats 
(email edible Crab), we see the head and tiioi*ax, which form the 
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principal bulk of the body, included within a large carapace or 
shield (Fig. 413, a) furnished with a long projecting spine, beneath 
which the fin-feet are put-forth : whilst the abdominal segments, 
narrowed and prolonged, carry at the end a flattened tail-fin, by 
the strokes of which upon the water, the propulsion of the animal 
is chiefly effected. Its condition is hence comparable, in almost 
all essential particulars, to that of Cydaps (>0e5). In the case of 
the Lobster, Prawn, and other ‘ macrourous^ species, the metamor- 
phosis chiefly consists in the separation of the locomotive and 
respiratory organs; true legs being develo})cd from the thoracic 
segments for the former, and true gills (concealed within a special 
chamber formed by an extension of the carapace beneath the body) 
for the latter ; while the abdominal segments increase in size, and 
become furnished with appendages (false feet) of their own. In 
the Crabs, or ‘ brachyoiirous’ species, on the other hand, the altera- 
tion is much greater ; for besides the change first noticed in the 
thoracic members and respiratory organs, the thoracic region 
becomes much more developed at the expense of the abdominal, as 
seen at B, in which stage the larva is remarkable for the large size 
of its eyes, and hence received the name of Meijulopa when it was 
8upix>8ed to be a distinct type. In the next stage, c, wo find the 
abdominal portion reduced to an almost rudimentary condition, and 
bent under the body ; the thoracic limbs are more completely 
adapted for walking, save the first pair, which are developed into 
clielm or pincers ; and the little creature entirely loses the active 
swimming habits which it originall}’- possessed, and takos-on the 
mode of life peculiar to«the adult.’*' 

615. In collecting minute Crustacea, the Ring-net should be 
used for the fresh-water sweies, and the Tow-net for the marine. 
In localities favourable lor the latter, the same ‘ gathering’ will 
often contain multitudes of various species of Entoraostraca, ac- 
companied perhaps, by the larvm of higher Crustacea, Echinoderm 
larvae, Annelid-larvoe, and the smaller Medusae. The water con- 
taining these should be put into a large glass jar, freely exposed 
to the light ; and, after a little practice, the eye will become so far 
habituated to the general appearance and modes of movement of 
these different forms of animal life, as to he able to distinguish 
them one from the other. In selecting any specimen for Micro* 
seopic-examination, th(^ippmg-tube (§ 126) will be found invaluable. 
The collector will frequently find Afe^a^ju-larvm, recognizable by 
the brightness of their two black eye-spots, on the surface of floating 
leaves of Zoatera . — The study of the Metamorphosb will be best 
prosecuted, however, by obtaining the fertilized eggs which are 
carried-about by the females, and watching the history of their 
products. — For preserving specimens, whether of Entomostraca, or 
of larvm of the higher Crustacea, the Author would recommend 
Glycerine-jelly as Jhe best medium, 

• On the Meteunorpliosis of Crwstaoea and Cirripedia^ see espechiUy the 
reoent “ Untersnehtmgen Ubtr Crustaceen” of Prof. Clans } Vienna, 1876. 



ciiAm^ii XIX. 

INSECTS AND ARACUNIDA. 

610. Tukue is DO Class in the whole Animal Kingdom which 
affords to the Microscopist such a wonderful variety of interesting 
objects, and such facilities for obtaining an almost endless succes- 
sion of novelties, as that of Insects. For, in the first place, the 
nuro))cr of different kinds that may be brungbt together (at the 
proper time) with t'xtremely little trouble, far surpasses that which 
any other group of animals can supply to the most painstaking col- 
lector; then again, each specimen will afford, to him who knows 
how to employ his materials, a consideralde number of Microscopic 
objects of very different kinds ; and thirdly, although some of these 
objects require much care and dexterity in their preparation, a largo 
proportion may be got-out, examined, ami mounted, with very 
little skill or trouble. Take, for example, the common House-fly : — 
its effOB may bo easily mounted, one as a transparent, the other 
as ’an opaque object (§ 626) ; its nutvnntr, although not such beau- 
tiful objects as those of many other Diptera, are still well worth 
examination (§628) ; its iouejne or* proboscis* (§ 629) is a peculiarly 
interesting object, though requiring some care in its preparation ; 
its Bpirad4'St which may be easily cut-out from the sides of its body, 
have a very curious structure (§ 635) ; its alimemtary cauitl affords 
ii very good example of the minute distribution of tlie trachem 
(§ 634) ; its witKj, examined in a living s|>ecimen newly come-forth 
from the pupa state, exhibits the circulation of the blood in the 
* nervures* (§ 633), and when dead shows a most beautiful play of 
iridescent colours, and a remarkable areolation of surface, when 
examined by light reflected from its surface at a particular angle 
(§ 638) ; its foof has a very peculiar confer iiation, which is douOT- 
leas connected with its singular power of walking over smooth sur- 
faces in direct opjKJsition to the focce of gravity, and on the action 
of which additional light has lately been thrown (§ 640) ; while 
the structure and physiology of its scA^ual apparattis, with the 
history of‘ its development and metamorphoses, would of itself 
suMce to occupy the whole time of an observer who should desire 
thoroughly to work it out, not only for months but for years.* 

♦ See Mr. l/owne's v-aluable Treatise on ** The Anatomy and Pbvsiology of 
the Blow-fly/* 1870. 
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Hence, in treating of this department in such a work as the present, 
the Author labours under the einbarras dcB r t cheeses ; for to enter 
into such a description of the parts of the structure of Insects 
most interesting to the Microscopist, as should bo at all comparable 
in fulness with the accounts which it has been thought desirable 
to g^ve of other Classes, would swell-out the volume to an incon- 
venient bulk ; and no course seems open, but to limit the treatment 
of the subject to a notice of the huuli} of objects wliich are likely to 
prove most generally interesting, with a few illustrations that 
may serve to make the descriptions more clear, and with an enu- 
meration of some of the sources whence a variety of specimens of 
each class may be most readily obtained. And this limitation is 
the less to be regretted, since there already exist in our language 
numerous elementary treatises on Entomology, wherein the general 
fitnictnre of Insects is fully explained, and the conformation of 
their minute parts as seen with the Microscope is adequately 
illustrated. 

617. A considerable number of the smaller Insects — especially 
those Ixdouging to the Orders (Beetles), N’t^nroptera 

(Dragon-dy, May-lly, &€.)♦ llifmenopicra (Bee, Wasp, Ac.), and 
Diplr.ra {two*wingcd Elies) -may be mounted entire as opaque 
objects for low magnifying powers ; care being taken to spread out 
their legs, wings, &c., so as adeijuately to disj»iay tliem, which may 
be accomplished, even after they have dried in other positions, by 
softening them by steeping them in hot water, or, where this is 
objectionable, by exposing them to steam. Full directions on this 
point, applicable to snftill and large Insects alike, will bo found in 
all Text-books of Entomology. Idiere are some, however, whose 
translucence allows them to be viewed as transparent obiocl.8; and 
these are either to be mounted in (danada balsam or m Deane^s 
medium, Glycerineqelly, or Farrant’s gum, according to the degree 
in which the horny opacity of their integument requires the assist- 
ance of the balsam to facilitate the transmission of light through 
it, or the softness and delicacy of their textures render an aqueous 
medium more desirable. Thus, an ordinary Flfui or Bm/ will best 
bo mountwl in balsam ; but the various parasites of the Lome 
kind, with some or other of which almost every kind of animal is 
affected, should be set-up in some of the ‘ media.’ Home of the 
aquatic larvae of tin* 4)iptera and Xeuroptera, wliich are so trans- 
parent that their whole internal organization can be made-out 
without dissection, are very beautiful and iutercjsting objects when 
examined in the living state, especially because they allow the 
Circdlation of the blood and the action of the dorsal vessel to be 
discerned (§ 632). Among these, there is none preferable to the 
larva of the Epheiwra 'irianjinatn (Day-fly), which is distinguished 
by the possession of a number of beautiful appendages on its body 
and t^, and is, moreover, an extremely common inhabitant of our 

£ >iid8 and streams. Tliis insect passes two or even three years in its 
rval state, and during this time it repeatedly throws-off its skm ; 
3 A 2 
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tke cast skin, wheii perfect, is an object of extreme beauty, since* 
as it formed a complete sheath to the varions appendages of the 
body and tail, it continues to exhibit their outlines with the utmost 
delicacy; and by keeping these larvae in an Aquarium, and by 
mounting the entire series of their cast skins, a record is preserved 
of the successive changes they undergo. Much care is necessary,, 
however, to extend them upon slides, in consequence of their 
extreme fragility ; and the best plan is to place the slip of glass 
under the skin ivliilst it is floating on water, and to lift the object 
out upon the slide. — Thin of Tns(‘cts, Cateimillars, &c., 

which bring the internal parts into view in their normal relations, 
may be cut with the Microtome (§ 184), by first soaking the body 
(as suggested by Dr. Halifax) in thick gum -mucilage, which 
passes into its substance, and gives support to its tissues, and 
then enclosing it in a casing of melted paraffin, ina<ie to fit the cavity 
of the ScJction-iiistruTncnt. 

018. Strnchtre of ihn hitef/tmcid.— In treating those separate 
parts of the organization of Insects which furnish the most inte- 
resting objects of Microscopic study, wo may most appropriately 
commence with their Integument and its appendages (scales,, 
hairs, v^c.). The body and members are closely invested by a 
hardened skin, which acts as their skeleton, and affords jioints of 
attachment to the muscles by which their several parts are moved ; 
being soft and flexible, however, at the joints. 4’hi8 skin is usually 
more or leas horny in its texture, and is consolidated by the 
animal substance termed Chitiur, as well as, in some cases, by a 
small quantity of mineral matter. It is i^n the (hdroptara that it 
attains its greatest development; the ‘ dcrmo-skeleton* of many 
Beetles being so firm as not only to confer upon them an extra- 
ordinary power of passive resistance, but also to enable them to 
put forth enormous force by the action of the powerful muscles 
which are attached to it. It may be stated as a general rule, that 
the outer layer of thi.s dormo-skeleton is always cellular, taking the 
place of an epidermis ; and that the cells are straight- sided and 
closely-fitted together, so as to be polygonal (usually nexagonal) in 
form. Of this we have a very good example in the superficuil 
layers (Fig. 4d7, b) of the thin horny lamelho or blades which 
constitute the terminal portion of the antenna of the Coehehafev 
(Fig. 426); this layer beiuff easily distinguished from the* inter- 
mediate portion (a) of the lamina by careful focussing. In many 
Beetles, the hexagonal areolation of the surface is distin- 
guishable when the light is reflected from it at a particular angle, 
even when not discernible in transparent sectionvS. The integument 
of the common lied Ant exhibits the hexagonal cellular arrange- 
ment distinctly throughout; and the broad fiat expansion of 
the leg oHha Crabro (‘sand-wasp*) affords another beautiful example 
of a distinctljr-cellular structure in the outer layer of the iutegu- 
mmi* The inner layer, however, which constitutes the prindpal 
part of the thickness of the homy casing of the Beetk-tribe, seidoin 
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exhibits any distinct organization; tbougb it may be usually Bopa* 
rated into several lamellas, which are sometimes traversed by tubes 
that pass into them from the inner surface, and extend towards the 
outer without reaching it. 

610. Tequmentarij Ajipendagea. — The surface of Insects is often 
beset, and is sometimes completely covered, with appendagf^f 
having either the form of broad dat Scales, or that of Hairs 
more or less approaching the cylindrical sliapo, or some form, 
intermediate between the two. — The scahj investment is most 
complete among the Lipuloptera (Buttertly and Moth tribe) ; 
the distinguishing diameter of the insects of this order being 
derived from the presence of a regular layer of scales upon each 
side of their large membranous wings. It is to the peculiar 
coloration of the scales that the various liuos and ligures are due, 
by which those wings are so commonly distinguishod; all the scales 
of one i>atch (for example) being green, those of another red, and 
so on : for the subjacent membrane remains perfectly transparent 
and colourless, when the scales have been brushod-off from its 
surface. Each scale seems to bo cornposed of two or more mem- 
branous lamellas often with an intervening deiiosit of pigment, on 
which, especially in Leplilopfcrat their colour depends. Certain 
scales, however, especially in the Beetle-tribe, have a metallic 
lustre, and exhibit brilliant colours that vary with the mode m 
which the light glances from tiiem ; and this ‘ iridescence,* whichi 
ia specially noteworthy in the scales of the Cnrctdio imporialia 
{‘diamond-beetle’), seigns to be a purely optical effect, depending 
either (like the prismatic hues of a soap-oubblo) on the extreme 
thinness of the membranous lamelhe, or (lilio those of ‘ mother-of- 
pearl,* § 565) on a liueatiou of surface produced by their corru- 
gation. Each scale is furnished at one end with u sort of handle 
or ‘ pedicle* (Eigs. 414, 415), by which it is fitted into a minute 
socket attached to the surface of the insect ; and on the wings of 
Jjepidoptera these sockets are so arranged that the scales ue in 
very re^^ular rows, each row overlapping a portion of the next, bo 
as to give to their surface, when sutHcicntly inagnifiod, ver^ much 
the appearance of being tiled like the roof of a house. Such an 
arrangement is said to be ‘ imbricated.* The forms of these scales 
are often very curious, and frequently differ a good deal on the 
several parts of the wings and of the body of the same individual ; 
being usually more expanded on the former, and narrower and 
more hair-like on the latter, A peculiar type of scale, which lias 
been distinguished by the designation is met with amoi^ 

the Fierid(Bf one of the principal families of the Diurnal Lepi- 
doptera. The ‘ plumules^ are not flat, but cylindrical or bellowB- 
ghaped, and are hollow ; they are attached to the wing by a bulb» 
at the end of a^thin elastic peduncle that differs in length in 
different species,* and proceeds from the broader, not from the 
narrower end of the Bcale ; whilst the free extremity usually taper® 
otf, and ends in a kind of brush, though sometimes it i« broad and 
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bft« its edge fringed with minnte filaments. These ‘plnmules,’ 
which are peculiar to the males, are found on the upper surface 
of the wings, partly between and partly under the ordinary scales. 
They seem to bo represented among the Lyccenidm by the * ** battle- 
dore* scales to bo presently described (§ 621).* 

620. The peculiar marhings exhibited by many of these Scales, 
very early attracted the attention of Opticians engaged in the 
application of Achromatism to the Microscope (§ 15) ; for, as the 
cieamoss and strength with which they conld be shown, were found 
to depend on the degree to which the angular aperture of an 
Objective could be opened without sacrifice of perfect correction 
for spherical nnd chromatic aberration, siicb scales proved very 
serviceable as ‘tests.* The Author can well remember the time 
when those of the M(ir2)li<> )iirneUu(u (Fig. 414), the ordinary and 
* battledore’ scales of the Vohjohnmatnff argm (Figs. 415, 41G), and 

the scales of the Le^nsma sacchf- 
rlt/a (Fig. 417), which are now only 
used for testing Objectives of loio 
or Dtcdhtiti power *(§ 159, i., ii.), 
were the recognized tests for objec- 
tives of high power; while the exhi- 
bition of alternating light and dark 
bands on a I*o(/?ovr-scaie was re- 
garded as a first-rate j)erformance. 
'I’he resolution of these bands into 
the ‘ notes of admiration’ (Plate ii., 
fig. 2) now clearly shown by every 
good ‘ Student's' ]-4th, marked the 
next step in advance ; and though 
the introduction of the Diatom- 
tests greutl}' promoted the enlarge- 
ment of angular aperture, yet the 
-Vuthor has the authority of the 
ablest constructors of bigh-power 
Objectives in this country for 
stating, that tliey still regard the 
Podura-scale us the best test for 
defuittlon, and consequently for 
that conihinalum of qualities which 
is most required in Objectives to be used for Biological investigations 
of the difficulty (§ 158, vi.).t As the real structure of thia 

scale, of which the ‘ notes of admiration,’ or the ‘ exclamatioxi-mark- 
ings’ constitute the optical expression, has been a matter of much 

• &IMJJ Mr. Wslson's Memoirs ‘On the Scales of Battledore Bntterfiies,Mu 

** Monthly Microscopical Journal,’^ Vol. ii., pp. 78, 814. 

f The Author is assured that it is by no means an un<?C)mmon experience, 
on first putting together an Objective of wide aperture, to find it caijable of 
resolving a difficult Diatom, wlnlst, when tested on a Podttm-fcakj it utterly 
falls, on account of its imperfect * definition/ 


Via, 41 i. 
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oontmversy, the qnestion requires special consideration; and in dis- 
cussing it, regard should be nad to what we are taught by the study 
of the larger and more strongly 
marked forms of Insect -scales. Fio. 415. 


as toivhat scales arc . — That they 
are in reality flattened cells, 
analogous to the Epidermic cells 
of higher animals (§ t)71), can 
scarcely be doubted by any Phy- 
siologist. Their ordinary flatten- 
ing h simply the result of their 
dryhg-u]); and the exception 
presmted by the ‘ ])liimules^ and 
‘battledore' scales (Pig. 4d()), 
whidi have the two surfaces 



sepa*ated b^ a considerable 
caviy, helps to prove the rule. 
It B perfectly clear in some of 
these, that the membranous 


Sealt'S of ]‘olt/ouuiiatus ari/us (Akju'o- 
; — a, batti(<clorL*-scalo ; 5, iutor- 
feronce stria?. 


wail of the cell is strengthened by longitudinal riba, which diverge 
fix)m the peduncle; as is particularly well seen in the plumules 
of two West African butterflies. Pier is 


A(/alhui(t and Pleris (Idoris, in which the 
plumules are as much as 1-dOUth of an inch 
m length (large enough to be studied under 
the Binocular Microscope), and are of cylin- 
drical form, save thlft they are druwn-iii 
as if by a cord at about one-half or one- 
third of their length, the ribs curving in- 
wards to this constriction.* In ordinary 
scales we find similar ribs, sometimes running 
parallel to each other, or nearly so (Figs. 
414, 41 (i), and occasionally connected by dis- 
tinct cross-bars (Fig. 418), but sometimes 
diverging from the ‘ quill and where, as in 
Lepmna. (Fig. 417), the ribs are parallel on 
one surface and divergent on the other, a very 
curious set of apfx'arances is presented by 
their optical intersection, which throws con- 
siderable light on the meaning of the Podura- 


Fig. 41(;. 



markings. ^ Pattlfdoro Scale of 

021 . The easier test-scales arc furnished by PoU^ mmeUm argvs 
the order Lty idoptera (B utterflies and Mothsh (Azure- blue}* 

and among the most beautiful of these, 
both for colour and for regularity of marking, are those of the 
Morpho Menelaas (Fig. 414). These are of a rich blue tint, and 
exhioit strong longitudinal striae, which seem due to ribbed elera- 
tions of one of the superficial layers. There is also an appeamitoe 


• See Watson, foe. dt., p. 75. 
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of transverse striation, which cannot be seen at all with an infmor 
olgective, bat becomes very decided with a good objective of medium 
focus ; and this is fonnd, when subtnitted to the test of a high 
power and good illumination, to depend upon the presence of 
transverse thickenings or corrugations (Fig. 414), probably on the 
internal surface of one of the membranes. — The large scales of the 
Pat^ommaiuB argus {* azure-blue’ butterlly) resemble those of the 
Menelaus in form and structure, but are more delicately marked 
(Fig, 415). Their ribs are more nearly parallel than those of the 
Menelaus scale, and do not show the same transverse striation. 
When one of these scales lies partly over another, the effect of the 
optical intersection of the two sets of ribs at an obliqxie angle h to 
produce a set of interrupted striations (5), very much resembling 
those of the Podura-scale. The same Butterfly furnishes smdler 
scales, which are commonly termed the ‘ battledore’ scales, flora 
their resemblance iu form to that object (Fig. 4]rj| a). These 
scales, which occur in the males of several genera of the family 
J/gcmnidcc, and present a considerable variety of shape,* iro 
marked by narrow longitudinal ribbings, which at intervals seem 
to expand into rounded or oval elevations that give to the scales a 
dotted appearance (Fig. 41fl) ; at the lower part of the scale, how- 
ever, these dots are wanting. Dr. Anthony describe.^ and figures 
them as elevated bodies, somewhat resembling dumb-bells or shirt- 
studs, ranged along the ribs, and standing out from the general 
surface.t Other good observers, however, whilst recognizing the 
stud-like bodies described by Dr. Anthony, regard them as not 
projecting from the external surface of the s^ale, but as interposed 
between its two lamellae ; J and this view seems to the Author to 
be more conformable than Dr. Anthony’s to general probability. 

622. The more difficult ‘ test-scales’ are furnished by little wing- 
less insects ranked togcjther by Latreillo in the order Thgsanura, 
but now separated by Sir John Lubbock,§ on account of important 
differences in internal structure, into the two groups CoUemhola 
and true Tliysatmra. Of the former of these, the Lepismidee con- 
stitute- the typical family; and the scale of the common 
saccharina^ or * sugar-louse,’ || very early attracted the attention of 
Microscopists on account of its beautiful shell-like sculpture. 
When viewed under a low magnifying power, it presents a beau- 

• See Watson, loc. cit. 

f ‘ The Markings on the liattledoro Scales of some of the LepidopUra^^ in 
“Monihiy Microsc. Journal,” Vol. vii. (1872), pp. 1, 250. 

t See “ ProctMjdiugs of the Microscopical Society,” op. cit., p. 278. 

$ 6do his ** Monograph of the CoUembola and TkyianvrOy'' published by the 
Kay Society, 1872. 

I This insect m&y be found iu most old houses, frequenting damp warm 
cupboards, «nd especially such as contain sweets ; it may be readily caught iu 
a small piU-bor, which should have a few pin->holes in the IM ; and if a drop 
of chloroform be put over the boles, the inmate will soon become insensible, 
and may be then turned out upon a piece of clean paper, and some of its scales 
traasfstved to a slip of glass by simply pressing this gently on its body. 
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tifal ‘watered silk’ appearance, which, with higher amplification, 
is found to depend (as Mr. B. Bock first pointed out) * upon the in* 
tersection of two sets of striaa, representing the different structural 
ar^gements of its two s^erficial membranes. One of its Burfaecs 
(since ascertained by Mr, Joseph Beckf to be the umler or attached 
surface of the scale) is raised, either by corrugation or thickening, 
into a series of strongly-marked longitudinal ribs, which run nearty 
parallel from one end of the scale to the other, and are particularly 
ilistinct at its margins and at its free extremity ; whilst the other 
surface (the free or oute^', according to Mr. J. Bock) presents a set 
of less definite corrugations, radi- 
ating from the pedicle, where they Fia. 417, 

are strongest, towards the sides 
and free extremity of the scale, 
and therefore crossing the parallel 
ribs at angles more or less acute 
(Fig. 417). It was further jiointed 
out by Mr. B. Beck, that the in- 
tei*section of these two sets of 
corrugations at different angles 
produces most curious effects upon 
the appearances which optically 
represent them. For where the 
diverging ribs cross the longi- 
tudinal ribs very obliquely, as 
they do near the tree axtremity of 
the scale, the longitudinal ribs 
seem broken up into a series of 
* exclamation-markings,’ like those 
of the Podura; but where the 
crossing is transverse or nearly 
so, as at the sides of the scale, an 
appearance is presented as of 
successions of large bright beads. 

The conclusion drawn by the 
Messrs.Beckjthat these interrupted 
appearances are produced by two 
sets of uninterrupt^ lines on 
different surfaces,” has been confirmed by the careful investiga- 
tions of Mr, Morehouse.J The minute beaded structure observed 
by Dr. Boy8ton-Pigott§ alike in the ribs and in the intervening 
spaces, may now be pretty ceUtainly regarded as an optical effect 
or diffraction (§ 156), In the scale of a type nearly allied to 
Lepisma, the Machilis polypoda, the very distinct ribbing (Fig. 418) 
is produced by the corrugation of the under membranous lamiim 

% “ The Achromatic MicroBcopo,'* p. 50. 
f See hi« Appendix to Sir John Lubbock’u “ Monograph.*’ 

X “ Monthly Microac. Jonmaiy Vol. xl (1H74), p. 18, and Vol. xviii. (1877), p. W, 

§ “Montldy Microuc. Journal,’* Vol. ix. (1878), p. 68. 
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aloiikd; the tipper or erpoeed lamina being smooth, with the eseep« 
tion of slight tmdulatioiiB near the pedicle ; and the cross-maricmga 
being due to structure between the snpw- 
posed membranes, probably a deposit 
on the interior surlace of one or both 
of them.* 

623. Although the Fodundce and 
JjeimmidcB now rank as distinct Pami- 
lies, yet they approximate sufficiently 
in general orjjanization, as well as in 
habits, to justify the expectation that 
their scales would be framed upon the 
same plan. The l^oduridm are found 
amidst the sawdust of \vino-cellar8, in 
garden tool -houses, or near decaying 
wood ; and deiivo their popular name of 
* spring- tails’ from the possession by 
many of them of a curious caudal 
appendage, by which they can leap like 
Ileas. This is particularly well developed 
in the species now designated 
docyrtus c lu' o i coll is, vfhich furnishes what 
are ordinarily known as ‘ Podura’-scales. 
“ When full-grown and unrubbed,” says 
Sir John Lubbock, “ this species is very 
beautiful, and retle^ts the most go:^ou3 
metallic tints.” Its scales are of different 
sizes and of different degrees of strength 
of marking (Fig. 419, a, b), and are 
thcrefoi'e by no means of uniform value 
as tests. The general appearance of 
their surface, under a power not sufficient to resolve their mark- 
ings, is that of watered silk,— light and dark bands passing across 
it with wavy irregularity ; but a well-corrected Objective of very 
moderate angular aperture now suffices to resolve every dark band 
into a row of distinct ‘exclamation marks’ (Plate ii., fig. 2). If, 
however, they are illuminated by oblique light from a^ve (the 
scales being placed under the objective witbou^> any cover, so as to 
avoid the loss of light by reflection from its surface), the appear- 
ances presented are those shown in fig. 4 when the markings are 
at right angles to the direction of the light, and in fig. 5 when they 
lie in the same direction as the light writh their narrow ends point- 
ing to it. When this last direction is reversed, the light from the 
points is So slight, ^at the scales appear to have lost their marking 
altogether. If moisture should insinuate itself between the ac^e 
and the covering-glass, the markings disappear egtirely, as shown 
in fig. 3 ; and this is true also of the scale of Leptmna, A certain 

♦ fiee Mr. Beck, H Sir J. Lubbock's “ Monograpb,” p. 2oS». 
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loadtu^al ccmtiBuity may be traced between the 
marks* in the ordinary test-scale ; bat this is mnoh more apoamnt 
in other scales from the same species (Fig. 420), as well as in the 
scales of various allied types, which were carefully studM by the 

Fig. 419, Fio. 420. 



Tost-Hcalcs of LepUUcfjrtm ciirrlcolfi/t -■ Ordinary ecalo of 

A, largo Btrongly-markod scale; b, Humll JApUlocifiiusciirvioottU 

scale, more faintly marked. 

lato Mr. R. Bock.’^ In certain cither types, indeed, the scales liave 
very distinct longitudinal parallel ribs, sometimes with regularly 
disposed cross bars; these ribs, being confined to one surface only 
(that which is in contact with the body), are not subject to any 
such interference with their optical continuity as has been shown 
to occur in Lepisitw, ; but more or less distinct indications of radia- 
ting corrugations often present themselves. The appearance of 
the interrupted ‘ exclamation-marks’ Mr. J. Bock (op. cit„ p, 254) 
considers to be due “ to irregular corrugations of the outer surface 
of the under membrane, to slight undulations on the outer surface 
of the upper membrane, and to structure between the superposed 
membranes.” It has been recently stated by Mr. Joseph 
that the scales of a Lepidopterous insect belonging to the gentts 
MormOt which under a low power present the watered-silk appear* 

* “Trans, of Mmrosc. Soc.,” N.S., Vcl. x. (1862), i>. 83. Seo also Hr» 
Joseph Beck, in the Apptmdix to Sir John Lubbock’s “Monc^raph,” and ia 
Monthly Microsc. Joura.," Vol. iv., p. 253. 
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anee «een in the Podura-scde, imder a 14th show the * exclamation' 
marldiigSt whilst under a 1-lOt^ they exhibit distinct ribs from 
pedicle to apex ; thus showing m one scale how the appearances 
run one into the other.* On the other hand, we are assured 
by Dr. Boyston-Pigott, not only that what a lens most perfectly 
corrected for spherical aberration ought to show, is a minute 
beaded structure, alike in the ‘ exclamation-markings’ and in the 
spaces between them ; but that the markings whose perfect defi- 
nition had been previously considered the aim of all constructors 
of high-power Objectives, are altogether illusory, these markings 
represenung nothing else than the manner in which the rouleatix 
of l^ads lie with reference to one another.f The Author has fully 
satisfied himself by his own study, under an oil-immersion l-26th 
of Messrs. Powell and Lealand, of a roclitrn - bchIo illuminated by 
the * immersion paraboloid’ (which gives a view of it entirely different 
than ipiy that can be obtained either by transmitted or reflected 
light), that the ‘exclamation-markings’ are — as maintained by the 
Messrs. Beck — the optical expression of a corrugated or ribbed 
arrangement of the lower membrane of the scale, slightly modified 
by the internal structure of the upper membrane, and probably 
also (as confirmed by Mr. Weuhaui) by a structure interposed be- 
tween the two membranes.J And this conclusion is borne out, in 
opposition to the doctrine of Dr. Eoyston Pigott, by two unrivalled 
Photographs taken of the Podaro-scalo by Col. Dr. Woodward. 
One of tnese, taken with a magnifying power of b200 diameters, 
central monochromatic light, immersion 1-JOth, and amplifier, 
shows the ‘ exclamation -marks’ better than any photographic re- 
jiresentation previously obtained; and it is clesir that Dr. Wood- 
ward regards this as tne trued view. “ Immediately afterwards,” 
he says, “with the same optical combination and magnifying 
power, without any change in the covcr-correction, by simply ren- 
dering the illummating pencil oblique, and slightly withdrawing 
the^ objwtive from its first focal position, I obtained a negative 
which displays the ‘ bead-like’ or varicose appearance of the' ribbing 
more satisfactorily than I had previously been able to do.” § The 
beaded appearance shown in this photograph, a copy of a portion 
of which 18 given in Fig. 421, corresponds so entirely with that 
which Dr. Woodward afterwards found to be producible in the 
scale of the Gnat by a like alteration in the^llumination (§ 156), 
that the Author feels fully justified in adhering to his original 
opinion that it does not represent real structure, but is an optical 
enect of difiraction.{| 

• ** J'ourn. Roy. Microsc. Soc.,” Vol. ii. (1879), p. 810. 

f Seetispsper *Oii High Power Id “Monthly MicroBcoplcaJ 

JouraM,** Vobii. (18691, p. 295, ftwd several sub^uent papers. 

J ‘‘Monthly Jonni. of Microttc. Sci.,’* Vol. xi. (1874), p. 75. 

i “Monthly Microscopical Journal,'' Vol. v.,i . 246. 

H The traecessive Volumes of the “Monthly Microscopiciil Journal,” from 
the Slid (in which Dr. Royston-Piffott** views were first promul^ed) to the 
present dste, teem with Pspere on this subject from Mr. Jos. Beck, Mr. Mclntlre, 
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624. The Maim of many Inaects, and still more of their hurm, 
are very inter^tinff objects for the microscope, on acootmt of th^ 
branched or tufted conformation ; this being particularly remark* 
able in those with which the common hairy Caterpillara are so 


Fio. 421. 



rortiou of a J ’ ml ura- scale, froiii a Photograpli by (^ol. Dr. WcxMlwarcl, 


abundantly beset. Some of these afford very good tests for the 
perfect correction of Objectives. Thus the hair or the Boe is pretty 
sure to exhibit stron/f prismatic colours, if the Chromatic aberra- 
tion should not have been exactly neutralized ; and that of the 
larva of a Denw^ftfra (commonly but erroneously termed the ‘bacon- 
beetle’) was once thought a very good test of defining power, and 
is still useful for this purpose. It has a cylindrical shaft 
(Fig. 422, u) with closely-set whorls of spiny protuberances, four 
or five in each whorl ; the highest of these whorls is composed of 
mere knobby spines : and the hair is surmounted by a curious 
circle of six or seven large filaments, attached by their pointed 
ends to its shaft, whilst at their free extremities they dilate into 
knobs. An approach to this structure is seen in the hairs of 
certain Myrlapodn (centipedes, gally-worms, Ac.), of which an 
example is shown infFig. 422, x ; an<l some minute forms of this 
class are most beautiful objects under the Binocular Microscope, 
on account of the remarkable structure and regular arrangement 
of their hairs. 

625. In examining the Integument of Insects, and its api>endagea, 

Dr. Maddox, Dr. Royston-Pigott, Mr. Winiham, and Col. Dr. Woodward? 
which, with a Pap^‘r by Mr. Slack in “ The Student,” Vol v,, p. 40, and 
a Paper by Mr. Morehouse, giving the results of his examination of the scales 
of Lepiwta and Pcai^a as opaque objects, under very high immersion objectives, 
with Beck’s Vertical Illuminator Monthly Microsc, Joum.,” Vol. xvili, 1877, 
p. 81), should be consulted by such as wish to follow out the inquiry. 
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parte of tlio surface may be viewed either by reflected or trans- 
mitted light, according to their degree of transparence and the 
nature of their covering. The Beetle and 
Fig. 422 . Butterfly tribes furnish the greater mimber 

of the specimens suitable to be viewed 
* 'us opaque objects : and nothing is easier 

^ Mts, than to mount portions of the elytra of the 

fonner (which are usually the most showy 
fll parts of their bodies), or of the wings of 

i the latter, in the manner described in 

I § 175. The tribe of CVm/iwa'dce, in which 

I the surface of the body is beset with scales 

i ® having the most varied and lustrous hues, 

I W distinguished among Coleoptera for the 

I w brilliancy of the objects it affords; the most 

a ^ remarkable in tliis respect being the well- 

8 ® known Curcii.ll<t ioiperialLS, or ‘ diamond - 

F S beetle’ of South America, parts of whose 

a ^ elytra, when properly illuminated and 

B W looked-at with a low power, show like 

I ® clusters of jewels flashing against a dark 

I W velvet ground. In many of the British 

L SK Curculionidm, which are smaller and far less 

I m brilliant, the scales lie at the bottom of little 

P m depressions of the suii'ace ; and if the elytra 

II m of the * diamond-beetle’ l)e carefully ex- 

lu aniined, it will be haind that each of the 

w w clusters of scales which are arranged upon 

' Ijp it in rows, seems to rise out of a deep pit 

. which siiiks-in by its side. The transition 

A, Hftir of Mf/naiHHl, 

11 , Hair of J>enncist<'ii. comparing the different parts of the sur- 
face of the diamond-beetle with each other. 


The beauty and brilliancy of many objects of this kind are increased 
by mounting them in cells in Canada balsam, even though they are 
to be viewed with reflected light ; other objects, however, are ren- 
dered less attractive by tliis treatment ; and in order to ascertain 
whether it is likely to improve or to deteriomte the specimen, it is 
a good plan first to test some other portion) of the body having 
Bcales or the same kind, by touching it with turpentine, and then 
to mount the part selected as an object, either m balsam or dry, 
according as the turpentine increases or diminishes the brilliancy 
of the scales on the spot to which it was applied. Portions of the 
wings of Lepidoptera are best mounted as opaque objects, without 
any other preparation than gumming them flat dovm to the disk 
of the wooden slide (§ 175) ; care Wing taken to avoid disturbing 
the arrangement of the scales, and to keep the objects, when 
fnotmted, as secluded as possible from dust. In selecting snch 
portions, it is well to choose those which have the brightest and 
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the most contrasted colours, exotic butterflies being in this reepect 
usually preferable to British ; and before attaching them to mm 
slides, care should be taken to ascertain in what position, with the 
arrangement of light ordinarily used, they are seen to the best 
advance, and to fix them there accordiugK^— Whenever portions 
of the in^gument of Insects are to be viewed as (mnsparetit objects, 
for the display of their intimate structure, they should bo mounted 
in Canada balsam, after soaking for some time in tur})entine ; 
since this substance has a peculiar effect in increasing their trans* 
lucence. Not only the horny casings of perfect Insects of various 
orders, but also those of their ])U})m, are worthy of this kind of 
study ; and objects of great beauty (such as the chrysalis cose of 
the Emperor- moth), as well as of scientific interest, are stire to 
reward such as may prosecute it witli any assiduity. Further in- 
formation may often be gained ))y softening such parts in imtash, 
and viewing them in fluid. — 'riie scn/c^• of the wings of Lepidoptera, 
&c.« arc best transferred to tin* slide*, by Kimj>ly ]>res8ing a portion 
of the wing either upon tlu; of glass or upon the cover ; if none 
should adhere, the glass may first be gently breathed-on. Home 
of 'them are best seen wdien e\amin(*d ‘dry,’ whilst others are more 
clear when mounte<l in flui<l ; and for the dedermination of their 
exact structure, it is well to have in^course to l)t)th these methods. 
Hairs, on the other hau<l. an; best mounted in Balsam. 


fi’iO. J\rrf» (if the lIvMd. — The eyes of Insects, situated U[X)n the 
upj.xjr and outtu’ part of the 

head, are usually very con- Ido. A'2li. 

spicuous organs, and are fre*- 
quently so large as to touch 
each other in front (Fig. 

423). Wefind in their struc- 
ture a remarkable exam] tie 
of that multiplicati(»n of 
similar psrts, which seems 
to lie the predominating 
‘ idea’ in the conformation 
of Articulated animals ; for 
each of the large preduberan t 
bodies which we design atti 
as an eye, is really % ‘ com- 
pound’ eye, ina<ie up of 
many hundred or even man V Bead and Compound Eyes of the Bee^ 

sbowinpr the orellites m oa one side (A), 
thousand mmute conical displace d on tl.e other (b) ; «, 
ocelhtes (b). Approaches ^ ruata, h, autenme. 
this structure are seen in 



Annelida and EnVimostraca ; but the number of " ocellites’ thus 
grouped-together is usually small. In the higher Crustacea, how* 
ever, the ‘ ocellit|8’ are very numerous ; and their conyiound eyes are 
constructed upon the same general plan as those of Bisects, tho^h 
their shape and position are often very peculiar (Fig. 491). 
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indindual ocellites arc at once recognized, wlicn the * compound 
eyes' are examined under even a low magnifying power, by the 
‘moetted’ appearance of tlie surface (Fig. 423, a), which is marked- 
out by very regular divisions either into hexagons or into squares : 

, each facet is the ‘comeule' of 


Fio. 424. 
A 



Section of tlio tUnn^iositc Eye of 
MtlMontha ruf{/arig (Oocivchaft'rj 
fftccts of the cornf'a ; f>, trans|*an‘iit 
pyramids surremndf'd with ]*ipnicut ; 
c, fibres of tJie ojitic nerve ; </, tnmk 
of the optic nerve. 

I'm. 423. these hoc 


a separate ocellite, and has a 
convexity of its own ; hence by 
counting the facets, we can as- 
certain the number of ocellites in 
each ‘ compound eye.’ In the 
two eyes of the common Fly, 
there are as many as 4,000 ; in 
those of the (-ahhaye-JSuttfyi^ij 
there arc about 17,000; in the 
Droqon-fiif, 24, (XK); and in the 
JfonHh )hTih\ 25,000. Behind 
each ‘coraeule’ is a layer of dark 
pigment, which takes the place 
and serves the puiqwse oi the 
‘ iris’ in the oyt's of Y ertehrate 
animals ; and this is jx?rf orated 
hy a central aperture or ‘ pupil,’ 
through wliich the rays of hght 
that have traversed the comeule 
gain access to the interior of tlic 
eye. The further structure of 
ies is iK^sti examined by vertical 



Hinute stnicturc of tlm 
Eye of the Btt : — a o, « n- 
tmorlensBS of corneulc, 
a*a\ its posterior lensee ; 
e c, papillary aportures, 
seplutited by interveniug 
niddi hh, pyrft- 

bv Tittr. 


sections (Fig. 42 4) ; and these show that 
the shape of each ocellite (6) is conical, or 
rather pyramidal, the comeule fonning its 
base (/t), whilst its apex abuts upon the 
extremity of a fibre (c) proceeding from the 
termination of the optic nerve (c/). The 
details of the structure of each ocellite are 
shown in Fig. 425 ; in which it is shown 
that each comeule is a double-convex lens, 
made np by the junction of two plano-con- 
vex lenses, a a an»l u' o', which nave been 
found by Dr. Hicks/.to possess different 
refractive r>owers ; by this aiTangement (it 
seems probable) the aberrations are dimi- 
nished, as they are by the combination of 
* humours’ in tlie Human eye. That each 
‘ comeule’ acts as a distinct lens, may be 
shown by detaching the entire assemblage 
by maceration, and then drying it (flattened 


cm placed under {he Microscope, if the point 

lieeofnervo-fibres. of a knife, scissors, or any similar object. 
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Ikj inierix)ge<l between the mirror and the stage, the image <*f 
this point will be seen, by a proper adjustment uf the l‘o<*u8 of 
the microscope, in every one of the hmses. The focus of oax^h 

* corneule’ has been ascertained by experiment to be ci^uivahmt 
the length of the pyramid behind it ; so that the image which it 
produces will fall upon the extremity of the filament of the optie 
nerve which })aHHeHto the latter. M'he ]>yrannds {h, h) eousist of n 
transparent substance, which may bt; cdiisidered as representing 
the ‘ vitnsniH humour and they are sei>arated from caeli other by 
a layer of dark pigment (V tl'. which closesdii at d d betweim their 
bastjs and the corueulcs, h'aving a set of jmi»illary apertiin^s c, <•. 
for the entram^e of the rays which jiass to tlumi from the ‘ coriioules.' 
Afhir traversing these pyramids, the rays reucli tln^ bullKius ex- 
tremities i\ a of the fibres oi tln^ o])tic tu‘rve, wldcli are surrounde<l, 
like the pyramid, by pigmentary substance, d’hiis the rays which 
have jiassed throiigli the H<5V(*ral * cornculcs' arc prev(‘ut-<‘d from 
mixing with each otlua*; ami n(» rays, save those wiiich ])asH in the 
axes of the jjyramids, (!aii reach the til)n‘s of the optic nerve. 
Hene(‘, it is evxleut, that, as no two<u‘ellites on th(' same side (Fig. 
kit) have exactly the sanu^ axis, no two can hmnmvc their rays from 
the hiime point of an object ; ami thus, as ca<'h compound eye is im- 
movably tixe<l u]>ou tb(‘ bca<l, tin* combined action of the entire 
aggregate will probably only afford but a siiigh' image, resembling 
that which w^' <»btaiii by means (»i our singh* eyes. - -Although tin* 
foregoing may Ini »‘.ou-:id(‘red as the typical stru(dure of the Kyes of 
Insects, yet tlnuM? are various defairtures from it (most of them 
slight) in the diilerenli mtauhersol tin; Class, d'lms in stiiue (jases 
the ]>oHterior surfu<ie of eax'h ‘ rorneuhf is concave : and a space is 
left between it and the iris-like diaphragm, whicli seems to be oc- 
<’upi<}d by a wab'rv fluid or ‘ mpieous Immour in tdher instances 
again, this space is occupied by a doubl<*-convex body, which seenih 
to represent the * crystal iiiic-lens f and this body is wometimes 
found behind the iris, the numlMr of ocellites heiiig r(sluce<], and 
each one being larger, so that the (*luHt<T presents more resemblance 
U> that of Spiders, <Vc — Besidt's their * com pound’ eyes, Insects 
usually possess a small number of ‘simjjle’ eyes (termed ovMli or 
ahmmnia) seated upon the top of thy head (Fig. t'id, ff, u, n). Each 
of these consists of a single V(‘ry convex corm'ule ; t(# the batik of 
whhdi procetsls a buT\jlle of rods that are in connection with tibrils 
of the optic nerve. Such o<*elli are the only visual organs of the 
Larvm of insects that undergo comjtleh* metamorphosis; the 

* compound’ eyes being only developed towards the end of the 
Piipa-stag(‘. 

b27. Various modes of preparing and mounting the Eyes of 
Insects may be adopted, according to the manner wherein they are 
to be viewed. For the observation of tfieir external facett^tl 
surface by rcfiecj|id light, it is bc^tter to lay down the entire head, 

* For minute dctitils n.s to the stnicture of thf* Kyt*« of Jns»>< (s, seo tint 
admirable Memoir by Mr. I.mvne, in Phil. Tnms/' 187S, p. .777. 
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»o a« to present a front-face or a aide*face» according to the 
iiosition of the eyes ; the former giving a view of both eyes, when 
they approach each other so as nearly or quite to meet (as in 
Fig. 423) ; whilst the latter will best display me, when the eyes 
are situated more at the sides of the head. For the minuter 
examination of the * corneules,’ however, these must be separatetl 
from the hemispheroidal mass whose exterior they form, by pro- 
longed maceration ; and the pigment must be carefully washed 
away, by means of a tine camcl-hair brush, from the inner or 
posterior surface. In flattening them out upon the glass-slide, one 
of two things must necessanly hapi)eu ; either the margin must 
tear when the central portion is pressed-down to a level ; or, the 
margin remaining entire, the central portion must be thrown into 
plaits, 80 that its corrieules overlap one another. As the latter 
condition interferes with the examination of tlie structure much 
more than the former does, it should be avoided by making a 
number of slits in the margin of the convex membrane before it is 
fiattened'Out. Vertical sections, adapted to demonstrate the struc- 
ture of the ocelli and their relations to the optic nerve, can be 
only made when the insect is fresh, or has been ]>rcserved in strong 
spirit. Mr. Lowne {loc. cit.) recommends that the head should bo 
hardened in a 2 jmt cent, solution of chromic acid, and then imbedded 
in cacao- butter; the sections must be cut rrr?/ thin, and should be 
mounted in C'anada balsam, d'he following are some of the Insects 
whoso eyes are host adapted for Microscopic preparations: — 
Cicindela, Dytiscus, Mclolontha ((.’ockchafer), Lucaniis 
(Stag-beetle); — ()rfliiipt(>rif, Acheta (Honsa* and P'icld Crickets), 
Loensta; - i/ei///p/eru,Notonecta (Boat-fly); — Nofn'opteraf Libellula 
(Dragon-fly), .\grion; — Vespidco (Wasps) and Apidai 
(Bees) of all kinds Vanessa (various specie s of 
Butterflies), Sphinx ligustri (Privet hawk-moth), Bombyx (Silk- 
worm moth, and its allies); — Tabanus ((^ad-fly), Asilus, 
Kristalis (Droue-llyb Tipula (Oane-fly), Musca (Honse-fiy), and 
many others. 

628. The which are the two jointed apjie adages arising 

from the upper part of the head of Insects (Fig. 423, // h)-, present 
a most wonderful variety of coniormatiou in the several tribes of 
Insects ; often difiVring considerably in the several specieB of one 
genus, and even in the two sexes of the same sjiecies. Hence the 
characters which they afford are extremely useful in classification ; 
especially sinet* their structure must almost necessarily Ik? in some 
way related to the habits and general economy of the creatures to 
which they belong, although our imperfect acquaintance with their 
function may prevent ns from clearly discerning this relation. 
Thus among the (’oloopb^ra we find one large family, including 
the Glow-'vvorm, Fire-fly. 8kip-jack, Ac., distinguished by the 
toothed or serrated form of the antennae and hence called 

; in another, of wliich the Burying-beetle is the type, the 
tmtennoD are terminated by a club-shaped enlargement, so tliat 
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these beetles are termed Glavlconien ; iu another, agaio, of which 
the Sydrophilm or large Water-beetle is an example, the antenaa> 
are never longer and are commonly shorter than one of the pairs 
of palpi, whence the name of Falpicorueff is given to this gronp; 
in the veiy largo family that includes the Jmviiui or Stag-beetles 
with the Scarahml^ of which the (V)ckchafcr is the commonest 
example, the antennro tt^rminato in a set of leaf-like apnendages, 
which are sometiiaeB arranged like a fan or tin* leavt's or an open 
book (Fig. 4*26), are sometimes parallel to eacl\ other like the teeth 
of a comb, and sonietimcH fold one over the otl\er. thence giving 
the name Lamtdiicornest ; whilst another largt' family is distin- 
giiished hy the appellation Loufjivornt'K, from lh(‘ groat length of 
tlie auteumr, which are at least as long as tlie body, and often 
longer. Among the Lcpidoptera, again, tin* euntonimtion of the 
antenna^ fre(iu(‘nfly enables us at once to distinguish the group to 
which any spt‘eiinen belongs. Ah every trcidise on Entomology 
contains figures and de- 
scriptions of the prinoijml 
tyi>eH of conformation of 
these organs, there is no 
occasion here to dwell 
upon th('m longer than to 
Kpocil'y such as are most 
iuter(»,sting to the Micro- 
seopist; ]3ra- 

e.hinuB, (-alathus, Harj)a- 
lus, Dytiscus. Staphfli- 
nuH, Philonthus, Khibu*, 

Eampyris, Silpha, 1 fydro- 
philus, Aphodius, Melo- 
loiitha, Cetonia, < !urciilio; 

- - Orthopin'ii , Forficula 
(Earwig). Biatla (Cock- 
roach) ; - - JjepidopirrUf 
Sphinges (Rawk-motlis), 
and iS'octiirna (Moths) of 
various kinds, the large 
‘ plumed’ antennm of the 
latter being i>ecul«irly 
beautiful objects under a 
low magnifying power 
Dipfera, Culicidm (Gnats . 
of various kinds), Tipulidm ((.'rane-flies and Midges), 1 abanus, Eris- 
talis, and Muscidm (Flies of various kinds). All the 
antenn®, when not mounted ‘ dry’ a.M opacfue objects, should be 
put up in Balsam, after being soaked for some tinic iu turpentine; 
but the small feaihery antennaj of Gnats and Midges are so liable 
to distortion wlien thus mounted, that it is better to set them up 
in fluid, the head with its pair of antennae being thus preserved 
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together whem not too large,— A eurious set of organs has been 
recently <ii«covorod in the antenna of many Insects, which have 
been supposed to constitute collectively an apparatus for Hearing. 
Kach consists of a cavity hollowed out in the horny integument, 
sometimes nearly spherical, sometimes flask-shaped, and some- 
times prolonged into numerous extensions formed by the folding of 
its lining membrane ; the mouth of the cavity seems to be normally 
closed dn by a continuation of this membrane, though its pre- 
sence canuot always 
l)c satisfactorily detor- 
miuod; whilst to its 
dec]>est j)art a nerve- 
fibre may be traced. 
'The exj)anded lamellm 
of theantenmnof Jle/r;. 
lonfhd present a groat 
dihjday of then** cavi- 
ties, wlii(;h ar(‘ indi- 
cated in Fig, 427, by 
fhe small circles that 
beset almost their en- 
tire area ; their form, 
■\N hich is very peculiar, 
<*an here be only made 
out by vertical sec- 
lions; l)ut m luuny or the smaller an ten me, such as those ol the 
llee, the cavities euu he seen sideways witlfout any other trouble 
than that of bleacliing tht' specinieu to render it more trans- 
jmrent.* 

629./rho next poi Lin the organization of Insects to which the 
attcution of the Microscopist may he directed, is tlie structure oi 
the moifth. Here, again, we find almost infinite varieties in the 
details of conformation ; but these may be for the most ])art reduced 
to a small number of types or plans, which are characteristic of the 
diffoi-ent orders of Insects. It is among the (hh opfera, or Beetles, 
that we fmd the several parts of which the month is composed, in 
their most distinct form ; for altliough some oi these parts are much 

♦ SyMh.^Mmoirof Dr. ITicks ‘f)u a now Rtructire iu tlio Antennjp of In 

P- ; andliis ‘Pui-ther Remarks, 
at l>. of tile pimo \ohimo. St»o also tl>o Moiiioir of M. liosia^s, * Sur I’Appa 
loll Auditif <lo8 Insoctos/ in “ Ann. (U-, Sci v«(<r. 4, Zook, 'J'om. ix p W 

and tbftt of M. dapanHlt', ‘Sm los pnUoiuhiH Orffaui^s Auditifs dt s OulSoiitT-iv* 
lAm*'lUci>niesf*t amresliisectf's,’ in “Ann. dos. «H. Kat.," Sdr. kZook, Tom.x. 
j). Dr Hicks lays grcnl stri'ss on the ‘ bloachiufr pi'occSH/as essential t< 
sUCaiHsiuthitf inve8ti}?atvon; and he gives the following directions for per 
tormmg it:— Take of Ohlomte of a drachm, and of Water a drachm nm 

a half ; mix these to a small wuh* botth' emitainiog about an omicc ; wait fiv» 
minutes, aud then add nhcmt a dmehm and a half of strong; Hydrochloric Add 
<*hlorme is thus slowly devdopid ; and the mixture will i-etam its hlcachint 
jiowor for some time. 
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Minute stmctuiv of Iiaf-like < \j>iusu)us oj An- 
tenna of AfeloiiiiifJni — A, their intennil !a}«‘i : ii, 
ihcir BuiM'rficittl laier. 
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more highly developed in other Insects, other parts may ho so i 
altered or so little developed as to be scarcely reeogaistahlo, The 
Coleoptera present the typical conformation of the imndihuhta 
mouth, which is adax>t<‘l for the prehension and division of soHd 
substances; and this consists of the following parts-: — ^1, a pair of 
jaws, termed maudihlefi, freqnentl^'^ furnished with powerful teeth, 
<»f)enmg laivmUtj on either side of the mouth, and serving as the 
chief instruments of mandneation ; 2, a second pair of jaws, termed 
smaller and weaker than the ])receding, boueuth whicli 
they are jdaced, and serving to hold the food, and to convey it to 
the bax’k of the mouth; d, an upper lip, or Ifthrnm; 4, a lower lip 
or InJihijn,; r>, one or two pairs of small jointed ajipendagi'S termed 
attache<l to the maxilla^, and hence called ; 

Fio. 42K. 



'r»>ugn«* of f'ornrnon Ftir - — lobes of lignld ; jiortion eii- 
floKiu^ the bin c«j t K, form i'fl by th(‘ iiK'tamorpboHiN of tbc miix- 
illxB ; <■, maxillary palpi;— a, portion of ouc of tlio psfUflu- 
tmcboie culurgod. 

i\ a pair of lahinl valid. The labium is often composed of several 
distinct parts; its basal portion being distinguished as the ment'um 
or chin, and its amterior portion being sometimes considerably pro-^ 
longed forwards, so as to form an organ which is properly desi^alcd 
the hut which is more commonly know n as the * tongue/ 
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Fig. 429. 


tlmgli not mlly entitled to that designation, the real toiigm being 
a «oit and projeking organ which forms the floor of the mouth, 
and which is only found as a distinct part in a comparatively small 
number of Insects, os the Cricket. — Tliis lignla is extremely 
developed in the Fly kind, in which it forms the chief part of what 

is commonly called the ‘ pro- 
boscis’ (Fig. 428);’*' and it 
also forms the ‘ tongue’ of the 
Bee and its allies (Fig. 429). 
The ligula of the common Fly 
j)resent.s a curious modifica- 
tion of the ordinary tracheal 
structure (§ 034), the purpose 
of which is not aj^parent ; for 
instead of its trachem being 
kept pervious, after the usual 
fashion, by the winding of 
a continuous spiral fibre 
through their interior, the 
fibre IS broken into rings, 
and those rings do not sur- 
round tlie whole tube, but 
are terminated by a set of 
arches that pass from one 
to another (Fig. 428, A).t~~- 
In i\iQ^Dipiera or two- winged 
Flies generally, the labrum, 
niaxiihe, mandibles, and the 
internal tongue (where it 
exists) are converted into 
>, I’arts of tho :Moutlj <»f miWjica delicate la ueet-fih aped organs 
mruiuin; fc, raa»ja,l 08 ; t,ermed which, wheu 

luaxultc: it, luhuu T)h1i)i; e, or i j. xi ^ i 

])rolo»gt‘d labium, vomimmlv tunmnl tlu* 9^^^®d-together, are received 
tongue* u, portion of tlu* surface of the U hollow on the Upper 

side of the labium (Fig. 428, 6) , 



ligula, nu)re highly magiul5e«l. 


* The reim'scntation gWen in th»* figure is tukeii from one of the ordinary 
)uvpavatious of the Fly’s j>robosci.s, which is imnle by slitting it open, tlatleniug 
it out, ami mounting it in Ualsam, For reprcHmitations of the true relative 
positions of the diffen*nt jiaiis of this wonderful orgafi', and for minute deserip- 
lious of them, the reinuT is referr<*d to Mr. Suffolk’s Memoir ' On the l*rol)OSci8 
of the Blow-fly,* in “Monthly Microsc, .lourn.,” Vol. i., p. 331 ; and to Mr. 
l.owue’a Tivaiiftt* on “ The Anatomy and Physiology ef the Bbiw-fiy,’* p. 41, 
t Acconiiug to J)r. Anthony (“ Monlhly Microsc. Jouni.,’’ Vol. xi., p, 242), 
those * pi^udo-tTacbew * are suctorial organs, which can take-in liquid alike at 
tiudr esttremitiew and throtigh tin* whole length of the fissure caused by the 
iutalTUption of the rings ; the edges of this fissurt*, being formed by thealtemat- 
ing of ’cardvke aprieudrtges,* connected with the tenuiaal ‘arches,’ the 

closing-together of which converts the pseudo-tracht*a into a completo tnl)e. 
l>r. A. Considers e,a<'h of these ear-like axqieudages to be a minute suckej, 
•uitbor for the adhesion of the fleshy tongue, or for the imbibition of fluids, or 
[au’ttapd for both purposes.*’— -The point is well worthy of further invcstig^tlou. 
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but wbifili are ca|mble of being used to make punctures iu the «bi« 
ot Animals or tbe epidermis of Fiants, whence the juices may be 
drawn forth by the proboscis. Frequently, however, two or more of 
these organs may be wanting, so that their number is reduced IVom 
six, to four, three, or two, — In the Mynienai^tei'a (Bee and Wasp 
tribe), the labrum and the mandibles (Fig. 429, h) much reaembbj 
those ol Mandibulate Insects, and are used for corresponding 
purposes ; the maxilLo (c) are greatly elongated, and form, when 
closed, a tububir sheath for the Liynid or ‘ tongue/ through which 
the honey is drawn up ; the labial palpi ((/) also are greatly de- 
veloped, and fold together, like the maxilla;, so as to form an inner 
sheath for the ‘ tongue while; the ‘ligula^ itself (^') is a long taper- 
ing muscular organ, marked by an immense number of short 
annular divisions, and densely covered over its own length with 
long hairs (u). It is not tubular, as some have stated, but is 
solid; when actively employed iu taking food, it is extended to a 
great distaiiC/C beyond the other parts of the mouth; ))ut when at 
rest, it is closely packed-up and concealed betweiui the maxillui. 

“ The manner,” says Mr. Newport, “ in which the honey is obtained 
when the organ is plunged into it at the bottom of a llower, is by 
‘ lapping,’ or a constant succession of short and <[uick extensions 
and contractions of the organ, xvhich O(;casion the iluid to accu- 
mulate upon it and to ascend along its upper surf act;, until it 
reaches the oritice of the tube formed by the a[)}>roxiniation of the 
maxillrt) above, and of the labial palpi and this part of the ligula 
below.” 

b‘10. By the plan off!ouforination just described, we are h*d to 
that which prevails among tlu* Lep/VA/p^ovx or Ihittcrlly trilu*, and 
wdikdi, ])cing pre-eminontly adajitetl for Huetion, is tcrme<l the 
lidUstelliUi' mouth. In these lum'cts, tin; lal)rum and mandibles 
are reduced to three minute iriangulur plati's ; whilst the maxillm 
are immensely elongated, and arc unitisl logf*tlicr along the median 
line to form the iKCUrtielUiini or true * prol)OHeis,’ which contains a 
tube formed by the junction of tin; two grooves that are channelled 
out along their mutually applit;d surfaces, and wdiich serves tfi 
pump-up the juices of deep cup-shaped Howers, in V> which tVie sir.e 
of their wings prevents the.sc insects from entering. The length of 
this liaustellinm varies greadly : thus in such BepidopUira as take 
no food iu their peftect state, it is a very insiguiticant organ; in 
some of the white Hawk-moths, which liover over blossoms without 
alighting, it is nearly two inches in length ; and in inf)st Buttcr- 
dies and Moths it is about as long as the body itself, ’riiis * liaus- 
tellium/ which, when , not in use, is eoiled-up in a spiral bemiath 
the mouth, is an extremely beautiful Microscopic object, owing to 
the j>eculiar banded arrangement it (;xbibits (Fig. 430), which is 
probably due to the di8|x>sition of its muscles. J u many instances, 
the two halves r*ay be seen to be locked together by a set of hooked 
te<jth, which are inserted into little depressions between the teeth 
4)f the opposite side. half, moreover, may be ascertained h> 
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foutaiii a tratihea or air-tube {§ 634*) ; and it is ]irobab1o, from tbo 
observations of Wfr. Ne^^port, that the «uolcin^-up of the juices of a 
flower through the proboscis (which is accon>f>lishe(l with great 
rapidii-y) i‘^ (^tfocb^d by the agency of the respiratory apparatus. 
The prolxiscis of mau^ Butterflies is fumishod, for some distance 
from its extremitv, with a double row of small projecting barrel- 
shajied IkkIics (shown in Fig. 130), which are sunnis(*fl by Mr. 
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llanst^'tlium (pralntM i^) of 

Newport (wliost* opinion is couflrnu'd by the kindred in<iuirIeK of 
Dr, Hicks, § b*J8} to lie organs of last *. -Numerous other raodifica* 
tiouH of the struetiirc of the imeith, existing in the different tribt‘s 
of Inst'Cts, are w(dl wortliy of the careful study ot the i^Hcroscopist ; 
but as detiiileil deK<‘riptions of most ot these will be found in every 
Systematic 'rreutise ou Kntouiology. the foregoing general account 
of the principal types must suffice. 

i)3L of thf The <*anformatioii of the several 

divisions of the olimcuionj rnuol presents such a multitude of 
diversities, not only in different tribes of Jusects. but in difterent 
states of the same individual, that it woul^ be utterly vain to 
attempt here to give even a geiienil idea ot it ; mora especially as 
it is a subject of far less interest to the ordinary Mic*rosc()]ust, than 
to the professed Anatomist. Hence we shall only stoj) to mention 
that the * muscular gizzard’ in wliich the a>sophagus ver\" commonly 
terminates, is often lined by several row's of strong horny teeth for 
the reduction of the food, wliich furnish very l>eautiful objects, 
especially for the Binocular. These are particularly developed 
among the ( Iras shoppers, Crickets, and Locustt, the nature of 
whose foo<l causes them to rtHinire fwiw'erful instruments for its 
reduction. 
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(>o2. Tho Oirmhtion of BlooJ may l>c distinctly watched iu 
many of the more transparent hirvm, and may Konietimes be 
observed in the perfect insect. It is kept-ii}), not by an ordinary 
heart, lait by a ‘ dorsal vtisser (so named from the position it 
always occupies aloufr the middle of the back), which really consists 
of a succession of nmsciilar hearts or <‘ontractile envitios, one for 
4iach sef^inent. ojxming one into another from behind forwards, so 
as to form a continuous trunk divided by valvular partitions. In 
many larvas boweviT, these ])artitions are very indistinct ; and the 
walls of the ‘dorsal vessel’ are so thin and transparent, that 
it can with dithculty lie made-out, a limitation of the li|^ht by the 
dia])hra^nn beinj? often nec(*ssary. 'Jdie blood which moves thronj^h 
this trunk, and whi(*li is distributed by it to th(‘ body, is a trans- 
parent and ucarly-colonriess liuid, (‘arrymi^ wilii it a number of 
‘ oat-shaped’ e-orjimseh's, ]>y Ihc; motion of wliieli its tlow can be 
followed, ddie current enters the ‘ dorsal v»‘sH«d’ at its jmstoior 
extremity, and is projsdled forwards by the (‘on tractions of the 
smreessive (diambers, l>eing ])r(‘veute<l Irom moving in tlic opposib^ 
direc,tion by tin; valves between the ehambers, whi(;h only optm 
forwards. Arriv»*d fit tin; anteiior extn'inity of tin; ‘ dorsal vessel,’ 
the blood is distrilnited in thre«‘ ])rineipal clmninds; a central one, 
jnaiin;ly, passin<^ to the head, and a lab'ral one to (nther side, 
desf*endni;j: so as to approach th(‘ lower surfaci* of the bod}". It is 
Irorn the two lateral eairnmts that the secondary strfmms divorji^e, 
whii;h j>ass into tin; h;iifs and wint^s, and th(‘u return }>ack to the 
main stneim ; and it, is fnnn tln‘se also, tliat, in the larva of the 
Bjthrtnani htortjlinfia*{\)iiy-i\y), the extreme transparence of which 
renders it orn; of tin; best of all subjeets fortln‘ onservation of In- 
sect (hr(mlation. tin* smaller currents diverj^t; into the fi^ill-Uk(^ 
appendai.((‘H with which tin; body is furnished (§ Odd). Tlu; blood- 
currents se(;m rather to jiass throuj^h channels ex(;avated amon^ 
the tissues, than throujjjh v<‘s,-,elH with distinct walls ; but it is wot 
iinprobabh* t’nat in the p(;rf(*(*t Insect tin* ease may bo different. In 
many a-puitic larva*, especially those of tin* (Julirldtv (Gnat tribe), 
the body is almost cntir(‘)y occupied by the viBC(‘ral cavity ; andth(; 
blood may be seen to move backwards in tin* s]>ace that surrounds 
the alimentary (‘anal, which here servu*s the purpose of th(; (;hannels 
usually excavated through the solid tissues, and whicdi freely com- 
municates at each Vnd with th (3 ‘ dorsal vessel.’ This condition 
strongly resembles that found iu many Annelida.* 

Odd. 'Phe circmlation may be (’asily se(*n in tin* wings of many 
Insects in th(;ir pnp'e state, (;H]K*cially in thosf* of the Neuroptt?iii 
(such as Dragon-lUc's and Day-flies) which pass this part of their 
lives under water iu a condition of activity ; the pupa of A(fnon 
p?(c//a,one of the smaller dragon-flies, being a particularly favourable 

* Sec the Meiuoirs on Coretkra plumimrmn, V>y l*rof, T£ymcr Jcrties^ in 
“Transact of Hoc,,”, N.S., Vol. xv. p. by Prof. E, liny 

J,aTikt4pU‘r, in the “ Heienct^ licvi(;w” for OcIoUt, 1865; and by Br. 

A. Widftsmann, in “Hichold ami Kfilliker’s Zeitschrift,” hd, xri,, p. 4*>. 
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subject foi* fluch observations. Each of the ^nervures’ of the 
wings contains a ‘ trachea* or air-tube (§ 634), which branehes-ofF 
from the tracheal systeni of the body ; and it is in a spaoe around 
the trachea that the blood may be seen to move, when the hard 
framework of the nervure itself is not too opaque. The same may 
be seen, however, in the wings of pupm of Bees, Butterflies, Ac., 
which remain shut-up motionless in their cases ; for this condition 
<»f apjmrent torpor is one of great activity of their nutritive system, 
•^thoso organs, especially, wliich are peculiar to the perfect Insect, 
being then in a state of rapi<l growth, and having a vigorous cir- 
culation of blood through them. In certain insects of nearly every 
order, a movement of fluid may be seen in the wings for sonu‘ 
little time after their last metam()r])hosi.s ; but this movement soon 
ceases, and the wings dry-up. '^I’he common Fly is as good a sub- 
ject for this observation as can be easily found ; it must be caught 
within a few hours or days of its flrst ai>pearauce ; and the (drcula- 
tion may be most con veiiieutly brought into view by enclosing it 
(without water) in the a(juatic box, and pivssing-dowu the cover 
sufficiently to keep the body at rest without doing it any injury. 

d'he Jt(>.i<i)irafory of Insects affords a very interest- 

ing series of Microscopic objects ; for, with great uniformity in its 
geneml plan, there is almost infinite variety in its details. I'he 
aeration of the blood iu this idass is provided-for, not by tlio trans- 
mission of the fluid to any special organ representing the Imiy 
of a Verbbrated animal (§ or the yill of a ]\lolluHk.(§ 086), but 
by the introduetioii of air into every part of the body, through a 
system of minutely-distrilmbnl frarhcnj or alr-tubos, which pene- 
trate even the smalh^st and most delicate organs. Thus, as we 
have Hoeri, they jiass into the 01 ‘ prcbosids’ of the 

Butterfly (§ 630), and 1h<*y are minutely distributed in the elon- 
gated lahui-iii or ' tongue* of the Fly (Fig. 428). Their general dis- 
tribution is shown in Fi^g. 4'U ; where we see twc> long trunks {/) 
passing from one end of the botly it) the other, and coimccttsl with 
each other by a transverse canal in every segment ; these trunks 
communicate, on the one hand, by short wdde passages, with the 
* stigmata,’ * spira<des,* or * breathiug pores' (y), through which the 
air enters and is ilistdiargcd ; wdiilst they [^pve off branches to the 
different segments, which divide again and again into ramiflea- 
tious of extreme miiiutimess. I'hey usuall v communicate also with 
a pair of air-saes {h) which is situated lu the thorax ; but the 
size of these (which an* only found iu the perfect Insect, no trace 
of tliem existing iu the larvie) varies greatly in difl'erent tril>eH. 
being usually gnuitest in those insects which (like the Bee) can 
sustwn the longest and most powerful flight, and least in such as 
habitually live upon the ground or uix)n the surface of the water. 
*Fh« utructure of the air-tubes reminds us of tliat of the * spiral 
veseels* of Plautit, wliich seem destined (in part at least) to per- 
form a similar office (§ 31^) ; for within the membrane that forms 
their outer wall, an elastic fibre winds round and round, so as to 
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fonn a spiral (^sely resembling in its position and functions the 
spiral we-sprmg of flexible gas-piiies ; within tWs again, how- 
ever, there is anotlier 

membranous wall to the Fi«. 431 . 


air-tubes, so that the 
spire winds betweeu 
their inner and outer 
coats.— When a portion 
of one of the great 
trunks with some of 
the principal branches 
of the tracheal system 
lias been dissected -out. 
and BO pressed in mount- 
ing that the sides of 
the tubes are HatUuietl 
agjiinst each othei' (as 
has liapi)ened iii the 
siiecimen represented in 
Fig.44b2),tlic spire forms 
two layers which are 
brought into close apjx)- 
sition; and a very beau- 
tiful aj)p<‘ura,ueo, re- 
Membling that of waterei I 
silk, is produced by the 
(Tossing of the two h^ts 
of fibres, of which one 
overlies tin* other, d’ha^ 
this appearance, how- 
ever, is altogetluT an 
optical illusion, may be 
easily demons tniUid by 
carefully following the 
course of any one of the 
fibres, wliich will bo 
found to be j>erfoctly re- 
gular. 



63b. "Idle ‘ stigiifhta* 
or ‘ spiracles’ through 
which the air enters the 
tracheal system, are ge- 
nerally visible on the 


'rniclu'al hv stria of {Wiitcr-HCMr|)ion):— 
a, li<*n(l ; h, first j>air of legrs ; r, first segment 
of thorax ; f/, hrcfiinl pair of wings ; r, second 
jMiir of legs; y; tracheal trunk ;//, cue of the 
stigmata ; h, air-siic. 


extenor of the body of the insect (especially on the abdominal seg- 
ments) as a series of pores along each margin of the under surface, In 
most larvae, nearly every segment is provided with a pair : but in 
the perfect ins«5t several of them remain closed, especially in the 
thoracic region, so that their number is often considerably reduced, 
'fhe structure of the spiracles varies greatly in regard to complexity 
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ittgects; and even where the general plan ie the 
game, the details of ^information are pccnliar, «o that perhaps in 

scarcely any two species 
are they alihe. Generally 
speaking they are furaished 

manner from the thickened 
P(>rtJou of a lnrp<' Tmclion of />//OW#M. with margin of the aperture 
s<*me of its priiicipal bmiK'hes. (Fig. 414), as in the larva 

of the Mehlontlm (Cock- 
chafer). Not unfrefiiieutly. tlu* cento* of tlirr aperf ure is occupied 
]»y nil innjervious disk, from which radii proct'cd to its margin, as 



)::>p ',a*!o <»f rommon /7//. 

is well seen in the spiracle of TipnUi (Oane-fly). — In those aquatic 
Larvie which breathe air, we often find one of tlie spirades of tht^ 
last segment of the abdomen prolonged into a tube, the mouth of 
wliich remains at the surface while the Ixody is immersed ; the 
larva' of the Gnat tribe may frequently be observed in this position. 
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6S6, There ai'o manj aquatic T4irvH3, however, which have a» 
entirely 'difterent provision for respiration ; being furnished with 
external leafdiko or bnish-like 
appendages into which the tra- 
chem are prolonged, so that, by 
absorbing air from the water 
that bathes them, they may con- 
vey this into the inteiior of the 
bexiy. We cannf)t have a better 
example of this than is afforded 
by the larva of the common 
linhmnem (l)ay-Hy),the body of 
which is furnished with a set of 
branchial appendages res^nn- 
bling the ‘ fiii-feet’ of llraucliio- 
pods (§ ()0I1), whilst the thrcic- 
pronged tail also is fringed with 
elusters of delicate hairs whicdi 
appear U) minishu’ to the sa7nc 
function. In the larva of tin* L’Mhda (Dragon-fly), the exten- 
sion of the surface f(U’ aquatic r(‘spiration takes-plaee within 
the U'nnination of the inb'stine ; tlie lining membrane of which is 
folded into an immense number of plaits, each containing a minutely 
raniitied system of trachea? ; the water, slowly drawn-in ihrougn 
the anus for bathing this surface, is ej(*cted with such violence 
that the body is iuiix'lled in the opposite direction; and the air 
taken*up by its tra(?m?H? is carrie<l. tlirough the systein of air-tubes 
of which they form jiart, into tin* rtonofest organs, 'fhis apparatus 
is a jiecuiliarly intc*resliiig object for th<? Microscope, on account of 
the extraordinary (?o])iousuess of the distribution ot the tracheaj in 
the intestinal folds. 

t)37. The main tmiiks of the tracheal system, with thedr prin- 
<upal ramifications, may generally bo got-oiit with little difficulty, 
by laying-open the body of an insect or Jiurva under water in a 
Dissecting-trongh (§ 180), and removing the whole visceral mass, 
taking care to leave as many as jiossible of the branches which 
will be seen proceeding to this from tlie two great longitudinal 
trachere, to wlmse position these branches will serve as a guide. 
Mr. Quekett re(?ommends the following as the most simple method 
of obtaining a p(‘rfect system of tracheal lulies f rom a larva a 
small opening having been made in its body, this is t/> Ihj placed in 
strong acetic a{‘i<l, which w'ill softtm or decompose all the viscera; 
and trie trachea? may tht*u h(‘ well-washed with the syringe, and 
removed from th(? body with the greatest facility, by cutting away 
the connections of the main tubes with the spiracles by means of 
fine pointed scissors. In <^>rder to mount them, they should be 
floattid upon the .slide, on w'hich they should then he laid-ont in 
the position host ailupted for displaying them. Jf they are to be 
mounted in Canada balsam, they sljioutl be allowed to dry upon 
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the elMe, aad should theu be timted in the usual wav ; but their 
natural appearance is best preserved by mounting th^ in Auid 
(weah spirii or Goadby’s solution), using a shallow cell to prevent 
pressure. The finer ramifications of the tracheal system may 
generally be seen particularly well in the membranoiis wall of the 
stomach or intestine ; and this, having been laid-ont and dried 
upon. the glass, may be mounted in balsam so as to keep the 
tmchem full of air (whereby they are much better displayed), if 
care bo taken to use balsam that nas been previously thickened, to 
drop this on the object without liquefying it more than is abso- 
lutely necessary, and to heat the slide and the cover (the heat 
may bo advantageously applied directly to the cover, after it has 
been put-on, by turning-over the slide so that its upper face shall 
look downward) only to such a degree as to allow the balsam to 
spread and the cover to be pressed-down. — The spiracles are easily 
dissected-out by means of a pointed knife or a pair of fine scissors ; 
they should be mounted in glycerine-jelly when their texture is soft, 
ancl in balsam when the integument is hard and horny. 

6118, Witiqn , — These organs are essentially composed of an ex- 
tension of the external membranous layer of the integument, over 
a framework formed by prolongations of the inner horny layer, 
within which prolongations tracnem are nearly always to be found, 
whilst they also include channels through which blood circulates 
during the growth of tlu^ wing jmd for a short time after its coni- 
plerion (§ 6116). This is the simple structure presented t(> us in the 
Wings of Neurojfft’m (Dragon-tlies, &c.), Hytnonoptevd (Bees and 
Wasps), Dhfom (two- winged- Flies), and als(v of many Honioptera 
(CicadfiB and Aphides) ; and the principal interest of these wings 
as Microscopic objects lies in the distribution of their ‘ veins’ or 
‘ nervures’ (for by b(. .h names are the ramifications of their skeleton 
known), and in certain points of accessory structure. The vena- 
tion of the wings is most beautiful iii the smaller Neuroptera ; 
since it is the distinguishing feature of this order that the veins, 
after subdividing, reunite again, so as to form a close network ; 
whilst in the Hymenoptera and Diptera such reunions are rare, 
especially towards the margin of the wings, and the areolm are 
much larger. Although the membrane of "whicli these wings are 
composed appears perfectly homogeneous when viewed by trans- 
mitted light even with a high magnifying povPer, yet, when viewed 
by light reflected obliquely from their surfaces, an appearance of 
cellular areolation is often dis(jemiblo ; this is well seen in the 
cx>mmoii Fly, in which each of these areolie has a hair in its centre. 
In order to make this observation, as well as to briug-out the very 
beautiful iridescent hues which the wings of many minute Insects 
(as the Aphides) exhibit wbon thus viewed, it is convenient to hold 
the wing m the Stage-forceps for the sake of giving it ©very variety 
of inclination ; and when that position has been found wluch 
displays its most interesting features, it should be set up as nearly 
as possible in the same. For this purpose it should be mounted 
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^ aa c^pflw^tie ulide j btti iastead of being laid down nj^n ita iitnv 
tao6, the Wing should be raised a little above it, its * stalb^ being 
bald in the proper position by a little cone of soft wax, in the apex 
of which it may oe imbedded. — ^The wings of most Hymenoptera 
are remarkable for the peculiar apparatus by which those of the 
same side are connected together* so as to constitute in dight but 
one large wing ; this consists of a row of curvod booklets” on the 
anterior margin of the posterior wing, which lay liold of the 
thickened and doiibled-down posterior edge of the anterior wing. 
These booklets are sufficiently apparent in the wings of the com- 
mon when e\ainiued with even a low magnifying power ; Init 
they are seen bt‘tt<*r in the irowp, and better still iu the Hornof.- - 
ddio peculiar scaly covering of the wings of the Lepidopb^ra has 
already been noticed (§ (ili)) ; but it may h(‘re be added that the 
entire wings of many of the smaller and crjinmoner iiistKits of this 


order, such as the Tlntuda^ or * clothes-niolhs/ form very beautiful 
opaque obje('ts for low powers ; th(‘ most beautiful of all Ijeing the 
divided wings of the or ‘jdumed moths/ esjiecially 

those of the genus l*tcrvp1u>n(H, 

fVdO. '^rhere are many Insects, however, in wliich the Wings are 
more or less eonsolidaUnl by the inter])osition of a layer of horny 
Mubstanci* between tlie two layers of membrane. This plan of 
structure is most fully earried-oiit in the (^olcovfrra 
whose anterior wings are metamorphosed into eft/h’d or‘*wing- 
<‘ases;’ and it is uixm tluvse that the })rilliant hues by which the 
integument of many of these insects is distinguished, are most 
strikingly diH]>lnyed, • 111 the anterior wings of the Forftnth'dw ot 
Harwig-trihe (which form the conmsding link betwtani this order 


and the Orthojdcra), the cellular stru<*tnre may often be readily 
distinguished when they are viewisj ]»y transmitted light, osi>ecially 
after ha\dng been mounted in Canada balsam, d’he anterior wings 
of the Oitlioidr n( (Crasshoj)p<*rs. Crickets, dc.), although not by 
any means so solidifierl as those ol (kdeoptera, contain a good deal 
of horny matter; tliey art‘ usually rendered sufficiently trans- 
iiarent, however, by ('anada balsam, to be viewed with transmitted 
light ; and many of them are so coloured as to be very showy 
iibjects (as are also the jiosterior Ian-like wings) for the Electnc 
or Cas-microHcoiie, although their largo size, and the absence of 
any minute Htmetuw, ])reveut them from affording much interest 
to the ordinary MicroHcoTusI . -We must not omit to mention, 
however, the curious Sound-producing apparatus whicli is posseased 
by most insects of this or<Ier. and <‘s]>ecially by the common i/ow- 
enchf. This (smsists of the ‘tympanum’ or dm m, which is a 
space on each of the upper wings, scarcely crossed by veins, but 
Ismnded externally by a large dark vein provided with three or 
four longitudinal ridges ; and of the ‘ file* or * bow/ which i« a 
transverse hori^ ridge in front of the tympanum, furnished with 
numerous teeiu : and it is believed that the sound is produced by 
the rubbing of the two bows across each other, while its intensity 
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i« iac?ea»e<i W the eotiad'Wt?d i^tbn of ike tymp»iii^;*--Tlw 3 
wit^ of tl^ im^oridm (Laatem-flies) have much the same texture 
wiw tihose of the Orthoptera, aud possess about the same value as 
isfeetosoopie objects; differing considerably from the purely mem- 
branous wings of the Cicadffi and Aphides, which are associated 
with them in the order Hoyiioptera. In the order Eem^ytera, to 
which belong various kinds of land and water Insects that have a 
suctorial mouth resembling that of the common the wings of 
the anterior pair are usually of parchinenty consistence, though 
membranous near their tips, and are often so richly coloured as to 
become very beautiful objects, when mounted in Balsam and 
viewed by transmitted light ; this is the case especially with the 
terrestrial vegetable-feeding kinds, such as the Vmdatoyna and its 
allies, some of the tropical forms of which rival the most brilliant 
of the Beetles. The British species are by no means so interesting; 
and the aquatic kinds, which, next to the bed-bugs, are the most 
common, always have a dull brown or almost blaxjk hue : even 
among these last, however,— of which the Nof<t)iC(M (water-boat- 
man) and the (water-scorpion) are well'known examples, — the 

wings are beautifully variegated by dilferences in the depth of that 
hue. The halhwcH of the Diptera, which arc the rq^resentativos of 
the posterior wings, have been shown by Dr. J. B. Hicks to present 
a very curious stru<rture, wdiich is found also in the elytra of 
Coleoptera and in many other situations; consisting in a multitude 
of vesicular projections of the superlieial membrane, to each of 
which there proceeds a nervous lilament, that comes to it through 
an aperture m the t(‘gum(*ntary wall on which it is seated. Various 
considerations are stated by Dr. Hicks, which lead him to the 
belief that this apparatus, when develo]>od in the neighbourliocKl 
of the spiracles or breathing-pores, essentially ministers to the sen.se 
of nmeUt whilst, when develo])ed upon the pal] )i and other organs in 
the neighbourhood of the mouth, it ministers to the sense of kiete* 

640. Feet . — Although the feet of Insects arc formed pretty 
much on one general jdan. yet that i>lan is subject to considerable 
modiheatioDS, in accordance with the habits of life of different 
s])ecie8. The entire limb usually consists of five divisions, namely 
the coxa or hip, the trochanter^ the f<mvr or thigh, the Ulna or 
sliauk, and tlie /urses or foot ; and this last part is made up of 
several succt^ssive joints. 'Hie typical nurAber of these joints 
seems to be fire ; but that number is subject to reduction ; and the 
vast order Coleoptera is subdivided into primary groups, accord- 
ing OS the tarsus consists of y?re, or three segments. TIk’i 

last joint of the tarsus is usually furnished ivith a pair of strong 
hooks or claws (Figs. 4 ^ 0 , 4;it>); and these are often serrated 

* S«H 3 his Memoir ‘On a mw Organ in Insrcts,’ in “Journal of LiniWJm 
8wiot>V Vol. i, (ISoO), p. 136; hi.s ‘ I'urthor Keraarks on tlia Organs found on 
the bases of the Flalteres and tVing^ of Insects,' in “T-ans. of the Linn, 
fiooioty,*' Vol. xxii.,p. 141 ; and his M^nnoir ‘ On certain Sensory Organs in In- 
wticK hitherto nndeseribed,’ in “ Trans, of Linn. Soc.,” Vol. xxni., p. I8fl. 
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(t^t is, foxBished wi«i saw-Uke tsetli), especittUy smc tiis H** 
^ oihw joints is frequently beset with tul^ 
of bairs^ wbioh are arraii|[ed in various moaes, sotnotnnes forming 
a compete ‘ sole this is especially the case in tb© family O^ir- 
cxtliomdm; so that a pair of the feet of the 'diamond-beetle/ 
mooted so that one shows the upper surface made resplendent by 
its jewel-like scales, and the other the hairy cushion beneath, is a 
very interesting object. In many Insects, especially of the ily 
kind, the foot is furnished with a jiair ot inotnbranous expansion's 
temed pidvxlli (Fig. 480); and these are beset with numerous 
hairs, each of which has a niimitt* disk at its extremity. This 
structure is evidently 
connected with the 
power which these In- 
sects possess oF walking 
over smooth surfaces in 
opjxjsition to the force 
of gravity^ yet there is 
still considerable uncer- 
tainty as to th(‘ ])recise 
mode in whicli it minis- 
ters to this faculty. 

Some beli{‘ve that th(‘ 
disks act as suckers, the 
Insect being hcld-up Itv 
the pr(*s8ure of the air 
against their upj>er siui- 
iace, when a vacuum i-» 
formed beneath ; whilst 
others maintain that 
the a<lhosiou is the 
result ol the secretion 
of a viscid liipxid lr()iii the under side of tin* tovit. The careful 
observations of Mr. IIepwc>rth have led him to a condusiou 
which seems in hannony with all the tacts ot the case- -namely, 
that each hair is a tube conv4*ying a liquid troni a glandular 
sacculiis situated in the tarsus ; an<l that when the disk is 
applied to a surtace, the jionring-forth of this liquid serves to make 
its adhesion perfect. •That tins adhesion is not produced by atmo- 
spheric pressure alone, is proved by the f.ict that the feet of Flies 
continue bx hold-on to the interior of an exhausted receiver ; whilst, 
on the other hand, that the feet pour-fortli a secreted fluid, is 
evidenci’d by the marks left by their attachnient on a clean siirfac© 
of glass. Although, when all the hairs have the strain put upon 
them equally, the atlhesion of their disks suffices to support the 
insect, yet each row may be dtdached sejxarateiy by the gradual 
raismg of the tijjsus and pul villi, as when we remove a piece of 
adhesive plaster oy lifting it from the edge or corner. Fli^s are 
often foond adherent to window-panes in the autumn, their reduced 
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strength not being snfficient to enable them to detach their tarsi.* 
— A similar apparatus on a far lar^r scale, presents itself on the 
foot of the DyiiecMS (Fig. 436, a). The first joints of the tarsus of 
this insect are widely expanded, so as to form a nearly-circular 

Pifj. 436. 
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larpro suckers; c, ordinary Huckcis: — w, ofce of the ordiuary 
suckers more highly maguilied. 


plate; and this is provided with a very remarhablc apparatus of 
suckers, of wliich one disk (o) is exir(3iiudv large, and is furnished 
with strong radiating librt's, a second {h) Is a smaller one formed 
on the same i>lan (a thinl, of the like kind, being often present), 
whilst the greater nuniher are comparatively small tubular club- 
shaped bodies, each liaving a very delicate membranous sucker at 
its extremity, as shown on a larger scale at n. l^hese till have essen- 
tially the same structure ; the large suckers being fnraished, like 
the nairs of the Fly’s foot, with secreting sacculi, which pour-forth 
fluid through the tubular footstalks that cflrry the disks, whose 
adliesion is thus secured ; whilst the small suckers form the con- 
necting link between the larger suckers aud the hairs of many 
beetles, especially ( The leg and foot of the Dytiscas, 
if mounted without compression, furnish a peculiarly b^utifui 

* See Mr. HepwortL’s communications to the “Quart. Joum. of Microac. 
Science.*’ Vol. ii. (18M), p. loS, and Vol. iii. (I 800 ), p.312. See also Mr. Tuffeu 
West’s Memoir * On the Foot of tbo Fly,’ in “ Transact, of Linnaan Society,’’ 
Vol, x.Kii. p. 393, and Mr. Xiowne's “Anatomy of the Bio^My,” p. 19. 

f Sec Mr. I^owne ‘ On the so-called Suckers of Oytiscus and the Pulvilli of 
’ in “ Monthly Microsccpical Journal,” Vol. v., p. 267. 
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object for the Binoctdar Microscope. — The Feet of Caterpillars 
differ considerably from those of perfect Insects. Those of the first 
three se^ents, which are afterwards to be replaced by true legs, 
are furnished with strong homy claws ; but each of those of me 
other segments, which are termed ‘ pro-legs/ is composed of a 
circular series of comparatively slender curved liooklets, by wliich 
the Caterpillar is enabled to cling to the minute roiiglmossos of the 
surface of the leaves, &c., ou which it feeds. This structure is well 
seen in the pro-legs of the coimnon Silkworm. 

(^>41. StliHjn fDid Ovipitstiorf ^. — 'Hie ijisects the onler 
^ypteni are all distinguished by the pixrloijgatiou oi the last 
segment of the abdomen into a peculiar organ, which in one 
division of the order is a ‘ sting,’ and in the other is an ^ ovipositor’ 
or instrument for the deposition of the eggs, wliich is usnally also 
provided with the means of boring a liolc for their reception, dlie 
former group consists of tin; Bees, Wasps, Ants, Ac. ; the lattcn’ 
of the Saw-flies, Call-flics, lelnioumon-flies, A;e. These two sets of 
instraments are not so unlike in structure, as they are in function. 
— The ‘sting’ is usuaily formed of a jiair oi (larts, beset with 
barbed teeth at their jxnnts, and funiislied at their rtiots with 
powerful inuRcles, wliereby tlnw can l>e caused to proji‘ct from 
their sheath, which is a horny ease* formed by the jirohmgation of 
the integument of tlie last segTiiout, slit into two halves, which 
separate to allow the protrusion of the sting; wliilst the peculiar 
* venom’ of the sting is due t/o tlie i‘je*ctioii, by the sajin; muHCular 
action, of a ]M)isonous li<]uid, from a. bag situated near the root of 
the sting, which jiassi!?) down a canal exiaivated lietwecn tlie darts, 
so as to he inserte<l into fhc punefurt' wdiich fh(‘y make. The 
.stings of the common Bee, Wus]), and Hornet, may all be made to 
display this structure without much dilticulty iu the diBsectioii. — 
The * ovij^o.sitor’ of such insects as dejMisit their eggs in holes 
ready-maxlc, or in soft animal or vegetable Muhstarices (as is the 
case with the Jchiuti imtnldif:), is siinjily a long tube, which is 
enclosed, like the sting, in a cleft sheath, in the (Jall-flieH 
(Ci/nipklcB), the extremity of the ovipositor has a toothed edge, so 
as to act as a kind of .saw whereby harder bub^tan(•es may be j)enc- 
trated; and thus an afiortnre is made iu the leaf, stalk, or bud 
of the plant or tree inh'sted l>y the [larticular H])ecieH, in which the 
egg is aepositixl, iogtaher with a drop of fluid that ha.s a ]7eculiarly 
irritating effect upon the vegetable tissues, occasiouiiig the pro* 
ductioD of the * galls,’ which afb new growThs that serve not onl# 
to protect the larvm, but also to afford them nutriment. The oak 
is infested by .several species of tbese Insects, which deposit their 
eggs in different parts of its fabric ; and sorac of the small ‘galU ’ 
which are often found upon the 8urfa(*e of oak-leaves, are ex- 
tremely beautiful objects for the lower powers of the Microscope. 
In the Tenihrcdi^idin, or ‘ saw-flies,’ and in their allies the Siricia^Bf 
the ovipositor is fTimi.shedwitha still more powerful apparatus for 
penetration, by means of wliich some of these Insects can bore 
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into hard timber. This consists of a pair of ' saws’ which are not 
unlike the ‘ stings’ of Bees, &c., but are broader, and toothed for a 
greater length, and are made to slide along a firm piece that 
supports each blade, like the ‘ back’ of a carpenter’s ‘tenon-saw/ 
they are worked alternately (one being protruded while the other is 
drawn back) with great rapidity ; but, when not in use, they lie in 
a fissure beneath a sort of arch formed by the terminal segment of 
the body. When a slit has been made by the working of tne saws, 
they are withdrawn into this sheath ; the ovipositor is then j>ro- 
tmded from the end of the abdomen (the body of the insect being 
curved downwards) ; and, being guided into the slit by a pair of 
small hairy feelers, there deposits an egg .* — Many other insects, 
especially of the order Di-picra^ have very prolonged ovipositors, by 
means of which they can insert their eggs into the integuments of 
animals, or into other situations in wmch the larvsB will obtain 
^f^ropriate nutriment. A remarkable example of this is furnished 
by the Gad-fiy (Tahauus)^ whose ovipositor is composed of several 
joints, capable of being drawn together or extended like those of a 
telescope, and is terminated by boring instruments ; and the egg 
being conveyed by its means, not only into but tliroutjh the inter- 
ment of the Ox, so as to be imbedded in the tissue beneath, a peculiar 
kind of infiammation is set-up there, winch (as in the analogous 
case of the gall-fly) forms a nidus appropriate both to the pro- 
tection md to the nutrition of the larv^a. Other insects which 
deposit t! ‘ir. eggs in the ground, such as the ior?^s/^',‘havo their 
ovipositors so shaped as to answer for digging holes for their 
reception. — The preparations which serve to di8j)lay the foregoing 
parts, are best seen when mounted in Balsam ; save in the case of 
the muscles and poison-apparatus of the sting, which are better 
preserved in fluid or in glycerine-jelly. 

642. The Sexual organs of Insects furnisli numerons objects of 
extreme interest to the Anatomist and Physiologist ; hut as an 
account of them would be unsuitable to the present work, a refe- 
rence to a copious source of information respecting one of their 
most curious features, and to a list of th§ species that afford good 
illustrations, must here suffice.f — The egcfs of many Insects arc 
objects of great beauty, on account of the regularity of their form, 
and the symmetry of the markings on tht;^r surface (Fig. 437), 
The most interesting belong for the most part to the order 

♦ The above is the account of the process gjiveu by Mr. J.' W. Gooc?i; wIjo 
has informed the Author that be li.as i-epoatedly verified the statement formerly 
made by him (‘* Science Gossip,” IVb. 1, 1873), that tiio oggs are deposited, 
not as oriii^nally stated by Iteaumur, by means of a tub© formed by the co- 
aptation of the saws, but through a separate ovipositor, protruded when tho 
saws have been withdrawn. 

t See the Memoirs of H. Lacaze-Diithiers, * Sur Tarraure genitale des In- 
Sectes,’ in ^ Ann, des Sci. Nat.,” St^r. 3, ZooL, Tomes xiv., xvii., xviii., 
xix. ^ and M, CU. Robin’s “Mdmoire aur les Objets qni peuvont 6tre coneervt^s 
on Pn^pamtions Micniscopiques’’ (Paris, 1866), whi(‘U is peculiarly full in the 
enumemtion of tho objects of interest aifoi-ded by the Class of Insects, 
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Lepldojjteni ; and there are few among these that arc not woi*th ex- 
amination, some of the commoiiest (such as those of the Cabbage 
butterfly, which are found covering large patches of the leaves of 
that plant) being as remarkable as any. Those of the Pnss-moth 
{Gerum vinnla), the Privet hawk -moth {Sphiihv Ipfuttfri), the small 
Tortoiseshell butterfly {VaiicHSti nrbV(ri), the Meadow-bruwn butter- 
fly (Ilipparchia Jo aim), the Brimstone-moth (liumda trafAM^ata)^ 
and the Silkworm {Bomhyx morl)^ may be particularly specified ; 
and from other orders, those of the Cockroach {Blatia onmt<dh)^ 
Field cricket {Acheia cumpestrif^)^ Water-scorpion (Nepa mnaira)^ 
Bug (Cimex hctihlarlm)^ Cow-dung-fly {Soaiophaya 8t^‘rcoraria)f 

Fio. 137. 
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Eggs of Lisci'ts, niaguifie<l ; -A, Pout ia nit jti ; u, VniuHsa urtkiv; 
0, J/ijtjHirchm tUhotm ; n, Aiy/t/nnlit Lnthonlo. 


and Blow-fly (Miinca vomitorut). In order to preserve these eggs, 
they should be mounted in fluhl in a cell ; since they will otherwise 
<lry up and may lose their shape. — They are very good objects for 
the ‘conversion of relief’ cifectcd by Nachet's Stereo-psendoscopic 
Binocular (§38). . 

643. The remarkable mode of Reproduction that exists among 
the Apltides must not pass unnoticed here, from its curious (ionnec- 
tion with the non-scxual rejiroduction of EvfottLiwimca (§ 609) and 
liotifera (§ 451), as also of Hydra (§ 515) and Z(>o])hyte» generally ; 
all of which fall spe(‘ially, most of them exclusively, under tlie 
observation of the Microscopist. Tlie Aphides which may l>e seen 
in the spring and early summer, and whicb are commonly but not 
always wingless, are all of one sex, and give birth to a brood of 
.similar Aphides, wMch come into the world alive, and before long 
go through a like process of multiplication. As many as from 
seven to ten successive broods may thus be produced in the course 
of a single season ; so that from a single Aphis, it has been cal- 
<mlated that no fewer than ten thousand minion millions may be 
evolved within that period. In the latter part of the year, however, 
some of these viviparous Aphides attain their full development 
into males and females ; and these perform the true Generative 
process, whos^ products are eggs, which, when hatched in the 
succeeding spmg, give origin to a new viriparous brood that 
repeat the curious Tife^history of their predecessors. It appears 
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from the observations of Prof. Huxley,* that the broods of 
viviparous Aphides originate in ova which are not to be dis- 
tinguished from those deposited by the perfect winged female. 
Nevertheless, this non-sexual or agamic reproduction must be con- 
sidered analogous rather to the * gemmation’ of other Animals and 
Plants, than to their sexual * generation ;* for it is favoured, 
like the gemmation of Hydra, by warmth and copious sustenance, 
so that by appropriate treatment the viviparous reproduction may 
be caused to continue (as it would seem) indefinitely,’ without any 
recurrence to the sexual process. Further, it seems now certain 
that this mode of reproduction is not at all peculiar to the Aphides, 
but that many other Insects ordinarily multiply by ‘ agamic’ pro- 
pagation, the production of males and the performance of the true 
generative act being only occasional phenomena ; and the re- 
a^rehes of Prof. Siebold have led him to conclude that even in the 
ordinary economy of the Ilive-beo the same double mode of repro- 
duction occurs. The queen, who is the only perfect female in the 
hive, after impregnation by one of the droues (or males), deposits 
eggs ill the ‘ royal’ cells, which are in due time developed into 
young queens; others in the drone-cells, which become drones; 
and others in the ordinary cells, which become workers or neuters. 
It has long been known that these last arc really undeveloped 
females, which, under certain conditions, might become queens ; 
and it has been observed by bee-keepers that worker-bees, in com- 
mon with virgin or uninipreguated queens, occasionally lay eggs, 
from wliich eggs none but drones are ever produced. From careful 
Microscopic "'xamination of the drone egffs laid even by im- 
pregnated queens, Siebold drew the conclusion that they have not 
received the fertilizing influence of the male fluid, which is com- 
municated to the queen-eggs and worker eggs alone ; so that the 
producte of sexual generation are always female, the males being 
developed from these by a process which is essentially one of 
gemmation .f 

^ 644. The Embryonic Development of Insects is a study of peculiar 
mterest, from the fact that it may be considered as divided (at 
least m such as undergo a ‘ complete metamorphosis’) into two 
stages that are separated by the whole active life of the larva ; 
that, namely, by which the Larva is produced within the egg, and 
that by wHch the Imago or perfect insect isq^roduced within the 
body of the Pupa. Various circumstances combine, however, to 
render the .study a very difficult one; so that it is not one to be 
taken up by the inexperienced Microscopist. The following snm- 
of the history of the process in the common Blow- fly, however. 
Probably be acceptable. — A gastrula with two membranou.s 
iamellm (§ 391) having been evolved in the first instance, the outer 

♦ ‘On the A^mic Reproduction and Morphology of Aphis,’ in “Transact, 
of Lum, Soc,,”Tol. xxii., p. 193, « 

1 SoeProf, Si»bold’8 Memoir “On true ParthenogODcsis in Moths and Boes,” 
translated by W. 8, Dallas : London, 1^7. 



DKYELOPMENT OF FLY.— ACAEIDA. 


759 


lamella very rapidly shapes itself into the f<^rm of the larva, and 
shows a well-marked segmental division. The alimentary canal, in 
like manner, shapes itself from the inner lamella ; at first being 
straight and very capacious, including the whole yolk ; but gradually 
becoming narrow and tortuous, as additional layers of cells are 
developed between the two primitive lanielhe, from which the other 
internal organs are evolvea. When the larva comes foi*thfrom 
the egg, it still contains the remains of the yolk ; it soon begins, 
however, to feed voraciously ; and in no long period it grows to 
many thousand times its original weight, without making any 
sential progress in development, but simply accumulating material 
for future use. An adequate store of nutriment (analogous to the 
‘ supplemental yolk* of Fwrpura, § 584) liaving thus been laid up 
within the body of the larva, it resumes (so to speak) its emb^omo 
development, its passage into the pupa state, from which the imago 
is to come forth, involving a degeneration of all larval tissues : 
whilst the tissues and organs of the imago “ are re-developed from 
cells which originate from the disintegrated parts of tlie larva, under 
conditions similar to those appertaining to the formation of the 
embryonic tissues from the yolk.” Tlie development of the seg- 
ments of the head and boily in Insects generally proceeds from 
the corresponding larval segments ; ]»ut, acc<;rdLng to Ur. Weismnnn, 
there is a marked exception in the case of the and other 

-lns( 5 cts whose larvm are unfurnished with legs,- their head and 
thorax being newly formed from ‘ imugind«l disks,* which adhere 
to the nerves and trachea) of the anterior extremity of the larva 
and, strange as this assertion may seem, it has been coufinued by 
the subsequent investigations of Mr. Lownc. 

ti45. Akaciinida. — I' he general remarks whicli have been niade 
in regard to Insects, are equally ap[>licab]e to this Class ; which 
includes, along with the iSpich'Vit and Sonpion^, the trilx) of AcaHdut 
consisting of the .V/’h s and Ticks. Many ot those arc parasitic, 
and are popularly associated with the wingless parasitic Insects, 
to which they bear a strong general resemblance, save in having 
eight legs instead of s'u:. The true ‘mites’ {Acurtiiai) generally 
have the logs adapted for walking, and sorac of them arc of active 
habits. The common chevsi>mite^ as setm by the naked eye, is 
familiar to every one ; yet few who have not scon it under a Micr(> 
SCOT)® have any ide»of its real conformation and movements ; and 
a cluster of them, cut out of the cheese they infest, and placed . 
under a magnifying power sufficiently low to enable a large numwr 
to be seen at once, is one of the most amusing objects that can be 
shown to the young. There are many other species, which clo^ly 
resemble the Cheese-mite in structure and habits, but which fe^ 
upon different substances ; and some of these are extremely 
structive. To this group belongs a small species, the Sorcoptes 

• See his ‘ Ealwickelnng <ler Diptereu,’ in “ Kdlliker and Siehold's 
Rcbrift,” Banda xiv.-xvi. ; and Mr. Lowno’s “Anatomy of the Blow-iiy, 
pp. 6-0, 113-121, 
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scableiy whose presence appears to be the occasion of one of the 
most disgusting ’diseases of the skin — the itch — and which is hence 
commonly termed the ‘ itch-insect.’ It is not found in the pustule 
itself, bnt in a burrow which passes-off from one side of it, and which 
is marked by a red line on the surface ; and if this burrow be care- 
fully examined, the creature will very commonly, but not always, 
be met-with. It is scarcely visible to the naked eye ; but when 
examined under tlie microscope, it is found to have an oval body, 
a mouth of couical form, and eight feet, of which the four anterior 
are terminated by small suckers, whilst the four posterior end in 
very prolonged bristles. The male is only about half the size of 
the female. The Tikitdw- or ‘ ticks’ are usually destitute of eyes, 
but have the mouth provided with lancets, that enable them to 
penetrate more readily the skins of amimals whose blood they suck. 
They are usually of a flattened, round, or oval form ; but they 
often acquire a very large size by suction, and become distended 
liko a blown bladder. Different species are parasitic upon different 
animals ; and they bury their suckers (whicli are often furnished 
with minute recurved hooks) so firmly in* the skins of these, that 
they can hardly be detached without pulling away the skin with 
them. It is probably the young of a species of this j^oup, which 
is commonly Known as the * harvest-bug,* and which is usually de* 
signated as the Acams autumnalle ; this is very common in the 
autumn upon grass or other herbage, and insinuates itself into the 
skin at the roots of the hair, producing a painful irritation ; like 
other Acarida, it possesses only six legs for some time after its 
emersion from the egg (the other pair being ftnly acquired after the 
first moult), so that its resemblance to parasitic Insects becomes 
stiir stronger. — It is probable that to this group also belongs the 
IJemoikai follimliirnm, a creature which is very commonly found 
jiarasitic in the sebaceous follicles of the Human skin, especially in 
those of the nose. In order to obtain it, pressure sbeuld bo made 
upon any one of these that appears enlarged and whitish with a 
terminal black spot ; the matter forced-out will consist principally 
of the axjcumulated sebaceous s<>cretion, having the parasites witn 
thesir eggs and young mingled with it. These are to be separated 
by the addition of oil, which will probably soften the seoaceous 
matter sufficiently to set free the animals, which may be -^en 
removed with a pointed brush; bat if tHs Oiode should notl^ 
effectual, the fatty matter may bo dissolved-away by digestion in a 
mixture of alcohol and ether. The. pustules in the skin of a Dog 
affected with the ‘ mange’ were, found by Mt. Topping to contain a 
Demodex, which seems only to differ from that of the human 
sebaceous follicles in its somewhat smaller size; and M. Gruby.is 
said to have given to a dog a disease resembling the mange, if not 
identical with it, by inoculating it with the Human parasite.~rThe 
AcaridfX are best preserv(^, as Microscopic objects, by mounting in 
one or other of the ‘ media' described in § 206, 

The number of objects of general interest famished to the 
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Microsoopist the Spider tribe, is by no means considerable. 
Their Eyes exhibit a condition intermediate between that of Insects 
and Crustaceans, and that of Vertebrata ; for they ore simple, like 
the * stemmata’ of the former (§ (126), usually number from six to 
<*ight, are sometimes clustered-together in one mass, though some- 
times disposed separately ; while they ])rcsent a decided approach 
in internal structure to the type characteristic of the visual organs 
of the latter, — The structure of the Mouth is always mandibuiate, 
and is less complicated than that of the ‘ mandibuiate’ insects.— 
'The Bespiratory apparatus, winch, where developed at all among 
the Acarida, is tracheary like that of Insects, is here construct^ 
upon a very different plan ; for the ‘ stigmata,’ which are usnally 
four in number on each 

side, open into a like Fig. 43s. 

number of respiratory 
saocnli, each of which 
contdins a series of 
leaf-like folds of its 
lining membrane, upon 
which the blOod is 
distributed so as to 
afford a large surface 
to the air. — In the 
structure of the limbs, 
the prmcij)al poiut 
worthy of notice is 
the peculiar appe*- 

dage with which tiiey Foot^ with conib*liko cIhavk, of tho coniiaoa 
us ually ter min ate ; for .Sjmler (Epeira) . 

the strong claws, with 

a pair of which the last joint of the Foot is furnished, have their 
edges cut into comb-like teeth (Fig. 438), which seem to be used by 
the animal as cleansing-instruments. 

(>47. One of the most curious parts of the organization of the 
»Spiders, is the ‘ spiiming-aj)paratu8* by means of which they 
fabricate their elaborately constructed webs. This consists of the 
‘ spinnerets,’ and of the glandular organs in which the fluid that 
hardens into the thread is elaborated. The usual number of the 
spinnerets, which situated at the posterior extremity of the 
body, is six ; they are little teat-like prominences, beset with hairy 
appendages ; and it is through a certain set of these appendages, 
\>^ch are tubular and terminate in fine-drawn points, that the 
glutinous secretion is forced-out in a multitude of streams of 
extreme minuteness. These streams harden into fibrils irnme- 
<liately on coming into contact with the air ; and the fibrils pro- 
ceeding from all the aj^ertiires of each spinneret xsoalesce in^ a 
single thread. ^It is doubtful, however, whether all the spinnej^s 
are in action at once, or whether those of different pairs may not 
have dissimilar functions; for whilst the radiating threads of a 




762 


IKSECTS AND AKAOHNIDA, 


spider’s web are simple (Fig. 439), a), those which lie across these, 
forming its oonoentric drcJes, or raiher polygons, are studded at 
intervals with viscid globules (b), which appear to give to these 

Fig. m* 

* - 


B ^ II I I ■' ' ^ 

Ordinary thread (a), and viscid thread ()j), of the* 
common Spider. 

threads their peculiarly adhesive character ; and it does not seem 
by any means unlikely that each kind of thread should be pro- 
duced by its own pair of si>innercts. It was observed by Mr. E. 
Beck, that these viscid threads are ot* uniform thickness when first 
spun ; but that undulations soon appear in them, and that the 
viscid matter then accumulates in globules at regular intervals. — 
The total number of spiuniug-tubes varies greatly, according to 
the species of the Spider, and the sex and age of the individual ; 
being more tlian 1000 in some cases, and less than 100 in others. 
The size and <X)mplexity of the secreting glanduloe vary in like 
manner : thus in the Spiders which are most remarkable for the 
large dimensions and regular construction of theirwebs, they occupy 
a large portion of the abdominal cavity, and ai'e composed of slender 
branching tubes, whose length is incroas’ed ^ numerous convolu- 
tions ; whilst in those which have only occasional use for their 
threads, the seci* dug organs are either short and simple follicles, 
or undivided tubes of moderate length. 


CHAPTER XX. 


TEHTEBRATED ANIMALS. 

^ 648. We are now arrived at the highest division of the Animal 
Kingdom, in which the bodily fabric attains its greatest develoj)- 
mont, not only as to completeness, but also as to size ; and it is in 
most striking contrast with thp Class wo have been last considering. 
Since not only the entire bodies of Vertebrated animals, but, 
generally speaicing, the smallest of tlioir integral parts, are far too 
large to be viewed as Microscopic objects, wo can study their 
structure only by a separate examination of their component 
elements ; and it seems, therefore, to bo a most appropriate course 
to give under this head a sketch of the microscopic characters of 
those Prlnmry Tissues of wiiich their fabric is ma<ie-up, and which, 
although they may be traced with more or less distinctness in the 
lower tribes of Animals, attain their most complete development in 
this group/ — For some time after Schwann hrst made public the 
remarkable results of bis resoarch(‘M, it was very generally believed 
that all the Animal tissues are formed, like tnosc of Plants, by a 
metamorphosis of ceEs ; an <*xception being taken, however, by 
some Physiologists in regard to the ‘ .simpl(3 librous’ tissues (§ 608). 
There can be no longer anydouljt, however, tliat this doctrine must 
be greatly modified ;t so that, whilst the Veyviahle Physiologist 
may rightly treat the most highly organized Plant as a-more ag^e- 
gation of cells, analogous in all essential particulars to those which 
singly constitute tlie ‘unicellular’ Protophutes (§ 227), the Aninml 
Physiologist dtn’s wrong in seeking a cellular origin for all the 
component parts of the Animal fabric; and may best interpret 
the phenomena of tissue-formation in the moat complicated 

* This sketch is intended, not for the Professional student, but only for the 
jinuiteur Mioroscopist, v^jo wishes t*) gain some ide^v of the oh‘moiita.ry 

structure of his own body and of that of Vort<d)nit« aniiiialfl g(meraUy. Thosu 
who wish to go rnoHi deeply into the inquiry are referred to the following its 
the most recent and elaborate IVoatises that have U 2 >|>eared in this country 
The translation of Strieker’s “ Manual of Histology," published by the New 
tSydenham Society; tht? “ Handl>ook for the i’hysioiogieal Laboratory," by Drs, 
liiirdon-Sandersou, Michael Foster, Jlrunton, and Klein ; the translatfcm of 
the 4th edition of Ih^of. Frej''s “ Histology and Histo-cheinistry of Man;" the 
‘Cieneral Anatomy’ of the 8th edition of “Quain’s Anatt>my’* (1874); and the 

Atlas of Histology,” by I’rof. Klein and Mr. Noble Smith (1880-1). 

t The iimwrtai# ‘He view of the Cell-Theory,’ by Prof. Huxley, In the 
“ Brit, and For, M€d.-Chir. Iteview,” Vol. xii. (Oct, 1868), p. 286, may be con- 
sidered the starting-point of many later inquiries. 
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hy the study of the hehavioar of that apparentlj^hotoo- 
geSiooue ^ protoplasm’ of which the simplest Protozoa om made 
lip, and by tracing the progi*esgive * differentiatioii’ wWch presents 
itself ^ we pass &oia this through the ascending series of Animal 

649. Although there would at first sight appear but little in 
common between the simple bodies of those humble Jfortcrosoa which 
constitute the lowest types of the Animal series (§ 392), and the 
complex fabric of Man or other Vertebrates, yet it appears from 
recent researches, that in the latter, as in the former, the process, of 
‘formation’ is essentially carried-on by the instrumentality of pro- 
toplasmic substance^ univernally diffused through it in such a 
maimer as to bear a close resemblance to the pseudopodial net- 
work of the Rhizoj)od (Fig. 283) ; whilst the fhsii'^s produced by its 
agency lie, as it were, on the outside- of this, bearing the same kind 
of relation to it as the l^’oraminiferal shell (Fig. 314) does to the 
saroodic substance wliicli fills its cavities and extends itself over 
its surface.^ For, as was first pointed out by Dr. Beale, f the 
smallest living ‘ elementary part* of every organized fabric is com- 
posed of organic matter in two states : the protoplasmic (which he 
termed germ! mil nmiter), possessing the power of selecting pabulum 
from the blood, and of transforming this either into the material 
of its own extension, or into ‘some product which it elaborates ; 
whilst the other, which may be termed formed mcUerial, may pre- 
sent every gradation of character from a mere inorganic deposit to 
a highly organized structure, but is in every case altogether inca- 
pable of seli-increaHe. A very definite lino demarcation can be 
generally drawn between these two substances, by the careful use 
of the staining-} 'vocess (§ 200) ; but tliere are many instances in 
whicb there is the same gradation between the one and the other, 
as we have formerly noticed between the ‘ endosarc’ and the ‘ ecto- 
sarc’ of the Amceha (§ 403). — Thus it is ou the protoplasmic com- 

* The study of Compivrativo Histology, prosecuted ou this basis, promises 
to be exceedingly fertile in results of this most interesting character. Thus 
pr. N. KJoiuenterg, in his admirable “ Anatomische entwiekelunsgoscliichto- 
liche TJnteraucliuug” (1H72), on Hydra^ gives strong reason for regarding a par- 
ticular Bet of cells ill the body of that animal as combining the functions of 
Nerve and Musch'. And the Author has bceii led by his study of Cotnatula to 
rocogiiixo the most elemoutary type of Nerve-trunk in a simple protoplasmic 
cord, not yet separated into distinct tlbves with insulaHlug sheaths. 

t Prof. Beale’s views are mo.st svstematicnliy cxpoiiudod in his lectures 
* Ou the Structure of the Bimple Tissues of the Human Body,” 1861 ; in his 

How to Work with the Microscope,” 5th edition, 1880 ; and in the Introduc- 
tory portion of his new edition of “ Todd and Bo-wman’s Physiological 
Anatomy,” 1867 , The principal results of the inquiries of Uerman Histologists 
on this wint are well stated in a Paper by Dr. Duffin on ‘ Protoplasm, and the 
jmrt it pii^s in the actions of Living Beings,’ in Quart. Joum. of Microsc, 
Bcience,” VoU hi, N.S. (1868), p. 251. — The Author feels it nocesBary, however, 
to express his dissent from Prof. Beale’s views in one impoitant particular — 
visu, Ms denial of * vital’ endowments to the * formed matei'a.r of any of the 
tissues ; since it eeems to him illc^ical to designate contractile muscular fibre 
(for example) as * dead,* mendy because it has not the power of self-reparation. 
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j^oiatini tEat tli© esa$t6iioe of eveij form of Anitaal oi|pKixii&&i^ 
esseatlaliy depeilda ; dbaco it serves as the instnimeat by whioh tifte 
natfiaat material lunush^ by the blood is ooavexied iato wO 
several forms of tissae. Like toe sarcodic sobstaooe of Ae BhJbo* 
pods, it ^ms capable of indefinite extension ; and it may ditM© 
and subdivide into independent portions, each of which may act as 
the instrument of formation of an ‘ elementary part.* Two prio* 
cipal forms of such elementary parts present tnemselves in the 
fabric of the higher Animals — namely, ceJU m\d fibres ; and it will 
be desirable to give a brief notice of those, before proceeding to 
describe those more complex tissues which are the products of a 
higher elaboration. 

t)50. The cdh of which many Animal tissues are essentially com- 
posed, consist, when fully and completely formed, of the same parts 
as the typical cell of the Plant {§ 22d) ; — viz., a definite ‘ cell-wall,* 
enclosing ‘ cell-contents’ (of which the nature may be very diverse), 
and also including a * nucleus,’ which is the seat of its formative 
activity. It is of such cells, retaining more or less of their charac- 
teristic spheroidal shape, that every ina.ss of fat, whether lar^e or 
small, is chiefly made up (Fig. 4<J8). Ami the internal cavities of 
the body ai’c lined by a layer of qathdunn-velU (Fig. 466), which, 
although of flatten ed form, present the like combination of com- 
ponents. But there is a largii number of oases in which the cell 
shows itself in a form of much less com]>lote development; the 
* elementary part’ ))eing a coii^uKcle oi protoplasm, of which the 
exterior has undergone a sliglit (*onsolidation, like that which con- 
stitutes the * primordial utricle’ of tin; Vegetable cell (^ 223) or the 
‘ectosarc’ of the Anavba (§ 403), but in which iliere is no proper 
distinction between ‘ cell-wall’ and ‘ eelbcontents.’ I'his condition, 
which is charactfiristically cxhil)ite<l l)y the nearly- globular colonrlefof 
co'i' 2 ni 8 cl(‘s of the Blood (§ GfiG), appears to be common to all cells in 
the incipient stage of their formation : and the process of tlieir 
development consists in the gradna.1 dijj'rrmiifafion or their parts, 
the ‘ cell- wall’ becoming distinctly separated I’rom the * cell-con- 
tents,’ and these from the * nucleus and the original protoplasm 
being very commonly replaced more or less completely by some 
special product (such as fat in the cells of mlipose tissue, or nsemo- 
globin m the red corpn.scles of the blood), in which cases the 
nucleus often disappears altogether. — In the earlier stag^ of cell- 
development, multiplication takes, place with pproat activity by a 
duplicative subdivision that corresponds in all essential parti- 
culars with that of the Plant-cell (§ 22G) ; as is well seen in 
Cartilage, n section of which will often exhibit in onejmw iho 
successive stages of the process* (compare Fig. 470 with 

* Great attention Las lately been giVcn by many able observers, to tb© 
changes which ti^e place in the nuclet/a befon? and during its cleavage. A full 
aocount of these is contained in the rocontly-pubUsLcd third Edition of Prof. 
Strassburger’s “ Tiellbildung and Zelltheilung” (IHSO). Sea also I)r. Kloto''s 
‘Otoervations on the Structure of Cells fendXuclcV in “Quart ^oum. MtorOfic. 
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Whether ‘ fr«e’ cell-multiplication evet ta1je« place in the higher 
Anim^ft, is at present uncertain, 

^1. A large part of the fabric of the higher Animals, however, 
is 3 na 4 eup mfibrotcs tissues, which serve to bind together the other 
ooml&onentfi* and which, when consolidated by calcareous deposit, 
constitute the substance of tbe skeleton. In these, the rela^on of 
the * germinal matter’ and the * fonned materi^* presents itself' 
under an aspect which seems at first sight very different from that 
just described. A careful examination, however, of those * connec- 
tive-tissueHBorpuscles* (Fig. 461) that have long been distinguished 
in the midst of the fibres of which these tissues are made up, shows 
that they are the equivalents of the corpuscles of ‘ germinal matter,’ 
which in the previous instance came to constitute cell-nuclei ; and 
that the fibres hold the same relation to them, that the ‘ walls’ and 
* contents’ of cells do to their germinal corpuscles. The transition 
from the one type to the other is well seen in Fibro- cartilage, in 
which tbe so-called ‘ intercellular substance’ is often as fibrous as 
tendon. The difference between the two types, in fact, seems 
essentially to consist in this,— that, whilst the segments of ' ger- 
minal matter’ which form tlie cell-nuclei in cartilage (Fig. 470) and 
in other cellular tissues, are .completely isolated from each other, 
each being completely surrounded by the product of its own elabo- 
rating .action, those which form the ‘ connective-tissue-corpusclcs’ 
are connected together by radiating prolongations (Fig. 461) that 
pass between the fibres, so as to form a continuous network closely 
resembling that formed by the pseudopodia of the Bhizqpod (Fig. 
283). — Of this we have a most beautiful etcamidc in ]^ne; for 
whilst its solii • substance maybe considered as connective tissue 
solidified by calcareous dojwsit, tbe ‘ lacun;u’ and ‘ canalictdi’ which 
are excavated in it (Fig. 441 ) give lodgment to a set of radiating 
corpuscles closely resembling those ju.st described ; and these are 
centres of ‘ germinal matter,’ which appear to have an active share 
in the formation and subsequent nutrition of the osseous texture. 
In Dentine (or tooth-substance) we seem to have another form of 
the same^ thing ; the walls ot its ‘ tubuli’ and the ‘ intertubular sub- 
stance’ (§ 655) being tlie ' fonned material’ that is produced from 
thread-like prolongations of ‘germinal matter’ issuing from its 
pulp, and continuing during the life of the tooth to occupy its 
tubes ; just as in the f rami uif era we hai^fe seen a minutely- 
tubular structure to be formed around the individual tlireads of 
sareode which proceeded from ‘the body of tbe contained animal 
(Figs. 314, 3:15). It may now be stated, indeed, with considerable 
confidence, that the bodies of even the highest Animals are every- 
where penetrated by that sarcodic substance of which those of the 
lowest and simplest are entirely composed ; and that this sub- 
stance, which forms a continuous network through almost every 
portiou of the fabric, is the main instrument of Formation, 

Science, ** N.S., Vo), xviii. (1878), p. 315, nnd Vol. xix. (1879), pp. 125, 404 : and 
Chap.?div.ofhis«AUa8of Histology.’^ ^ ’ / 
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NutritioTi, aoid Koparatiou of the more Bpecialized or diftereu tinted 
Tissues.— As it is the ^rpose of this work, not to instmot the 
professional student in Histology (or the Science of the IHasues), 
out to supply scientiho information of general interest to the 
ordinary Miorosoopist, no attempt will here be made to do more 
than describe the most important of those distinctive characters 
which the principal tissues present when subjected to Microscopic 
emmination/, and as it is of no essential consequence what orier 
is adopted, we may conveniently begin with the structure of the 
^hdeton* which gives support and protection to the softer parts ^ 
the fabric. 

652. Bom . — ^The Microscopic characters of osseous tissue may 
sometimes be seen in a very thin natural plate of bone, such as in 
that forming the scapula (shoulder-blade) of a Mouse ; but they 
are display^ more perfectly by artificial sections, the details of 
the arrangement being de})endent upon the nature of the specimen 
selected, and the direction in whicn the section is made. Thus 
when the shaft of a ‘ long’ bone of a Bird or Mammal is cut-across 
in the middle of its length, we find it to consist of a hollow cylinder 
of douse bone, surrounding a cavity which is occupied by an oily 
marrow; but if tin' section be nnide nearer its extremity, we find 
the outside wall gradually becoming thinner, whilst the interior, 
instead of forming one largo cavity, is dirided into a vast number 
of small chambers, paHially divided by a sort of ‘ lattice-work’ of 
osseous fibres, but communicating with each other and with the 
cavity of the shaft, and filled, like it, with marrow. In the kmes 
of Reptiles and Fisiies, on the other hand, this * cancellated’ 
structure usually extends throughout the shaft, which is not so 
completely difiereutiated into solid bone and medullary cavity as 
it is in the higher Vertebrata. In the most developed kinds of 
‘ flat’ bones, again, such as those of the Inml, we find the two sur- 
faces to be composed of dense jdatc.s of bone, with a ‘ cancellated* 
structure between them ; whilst in the less perfect typo presented 
to ns in the lower Vertebrata, the whole thickness is usually more 
or less ‘cancellated,’ that is, divided-np into minute medullary 
cavities. — When we examine, under a lOw magnifying power, a 
hngUtullnnl section of a long bone, or a section of a flat bone 
paralUl to its surface, we find it traversed by numerous canals, 
termed Havernian after their discoverer Havers, which are in con- 
nection with the central carity, and arc filled, like it, with marrow : 
in the shafts of ‘ long’ bones these canals usually run in the direction 
of their length, but are connecte<l here and there by cross-branches ; 
whilst in the fiat-bones the‘y form an irregular network, — On 
applying a higher magnifying i>ower to a thin transv&THe section of 
a long bone, we observe tbat each of the canals whose orifices 

This term is iped in its most geneml sensi'i, ss including not only the proper 
or mtemftl skeleton, but also tbe bard parts protecting the exteHxjr 
of the body, which form the dermal skeleton. 
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present themselves in the field of view (B'ig. 440), is the centre of 
a rod of bony tissue (i), usually more or less circular in its fonn^ 

Fio. 440. 



Minute stnictnro of Hone, us soon in tmnsverso section 
1, a rod surrounding an Haversian canal, 3, showing the 
concentric arraugemenl; of the lamella? ; 2, the same, with the 
lacunro and canaliculi ; 4, portions of the lamellio parallel with 
the external surface. 

which is arranged around it in concentric rings, resembling those 
of an Exogetious stem (Fig. 254). These rin^s are marked out and 
divided by circles of little dark spots; which, when closely ex- 
amined (2), are seen to be minute flattened cavities excavated in the 
solid substance of the hone, from the two flat sides of which pass 
forth a number of extremely minute tubules, one set extending 
inwards, or in the direction of the centre of the system of rings, 
and the other outwards, or in the direction of its .circumference ; 
and by the inosculation of the tubules (or canalicvli) of the different 
rings with each other, a continuous communication is established 
between the central Haversian canal and the outermost part of the 
bony rod that surrounds it, which* doubtless ministers to the nutri- 
tion of the texture. Blood-vessels are traceable into the Haversian 
canals, but tho* canaliculi’ are far too minute, to carry blood-cor- 
puscles ; they are occupied, however, in the living bone, by threads 
of sarcodic-Bubstance, which bring the segments of ‘ germinal 
matter* contained in the lacunie into communication with the 
walls of the blood-vessels. 

653. The minute cavities or lacunce (sometimes, but erroneously 
termed * bone-corpuscles,* as if they were solid bodies), from whicli 
the oanahculi proceed (Fig. 441), are highly characteristic of the 
true osaeous structure ; bemg never deficient in tli^, minutest parts 
the bones of the higher Vertobrata, although those of MsKes are 
occasionally destitute of them. The dark appearance which they 
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present in sections of a dried bone is not due to opacity, but is 
simply an optical effect, dependent (like the blackness of air-bubbles 
in liquids) upon the disper- 
sion of the rays by the Fio. 441. 

highly-refracting substance 
thatsurrounds them (§ 15S). 

The size and form of the 
lacunsB differ considerably 
in the several Classes of 
Vertebrata, and oven in 
some instances in the 
Orders j so as to allow of 
the determination of the 
tribe to which a bone be- <>f 0««entis nub^tautw* : — r/, ccutui,! 

longed, by the Microscopic cavity ; b, its ramillcatious. 

examination of even a 

minute fragment of it (§ 705). The following are the average 
dimensions of the lacunae, in characteristic examples drawn from 
the four principal Classes, expressed in fractions of an inch 


Aom/ Diampfer, Shtfri JJiameffr, 

MniJ 1-1440 fo 1-2400 ... 1-4000 to l-^OOO 

Ostrich .... 1-1338 to 1-2230 ... UrA2o to 1-0650 

Turtle .... 1-375 t<» 1-1450 ... 1-4500 to 1-5H40 

t'ouK' i'i-cl . . . 1-550 to 1-1135 ... 1-4500 to 1-8000 


The lacunin of Blrdh' are thus distinguished from those of Mam^ 
maU by their somewhat greater length and smaller breadth; but 
they differ still more iif the remarkable tortuosity of their canalicuU. 
which wind backwards and forwards in a very irregular manner. 
There is an extraordinary increase in length in the lacunas of 
lleptiles, without a corresponding increase in breadth ; and this is 
also seen in some Fishes^ though. in general the lacunm of the 
latter are remarkable for their angularity of form and the fewness 

Fio. 442. 




Section of the Bony Scale of I^pidoHieun : — a, showing the 
regular distribution of the lacunae aud of the connecting cana- 
liculi ; 5, s|^l portion more highly magnified 

of their radiations, —as shown in Fig. 44*2, which represents, the 
laennse and canaliculi in the bony scale of the li&pidoskm i* 
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pi|Ee’ of tW I^orth Am&xiQm lakes and rivers)# ^tli wHda ibo 
oones of its internal ekeletcm perfectly a^ee in stmctarOi, IIjo 
dimensions of the lactin© in any bone do not bear any reli^on 
to the size of the animal to which it belonged ; thus there is little 
or no perceptible difference between their size in the enormous 
extinct Iguanodon, and in the smallest Lizard now inhabiting the 
earth. But they bear a close relation to the size of the^ ]pood- 
corpusdes in the several Classes ; and this relation is particularly 
obvious in the * perennibranchiate ’ Batrachia, the extr^rdinary 
size of whose blood-corpuscles will be presently noticed (§ 665) ; — 

lA)ng Diameter. Short Diameter. 

Protoas . . . 1-570 to 1-980 ... 1-885 to 1-1200 

Sirfin 1-200 to 1-480 ... 1-540 to 1-975 

Menoponu . . 1-450 to 1-700 ... 1-1300 to 1-210) 

Lepidofliivu . . , J-375 to 1-404 ... 1-980 to 1-2200 

Pteiodact^lo . . 1-445 to 1-1185 ... 1-4000 to 1-5225* 

654, In preparing Sections of Bone, it is important to avoid tlie 
penetration or the Canada balsam into the interior of the lacuna) 
and canaliculi ; since, when these are filled by it, they become 
almost invisible. Bence it is preferable not to employ this cement 
at all, except it may be, in the first instance ; but to rub-down 
the section beneath the finger, guarding its surface with a slice of 
cork or a slip of gutta-percha (§ 196) ; and to give it such a polish 
that it may be soon to advantage even when mounted dry. As 
the polishmg, however, occupies much time, the benefit which is 
derived from covering the surfaces of the specimen with Canada 
balsam may be obtained, without tln‘ injrfry resulting from the 
penetration of the balsam info its interior, by adopting the follow- 
ing method : — a quantity of balsam proportioned to the size of the 
specimen is to be spread upon a glass slip, and to be rendered 
stiffer^ by boiling, until it becomes nearly solid when cold ; the 
same is to be done to the thin-glass cover ; next, the specimen 
Inung placed on the balsamed surlace of the slide, and being over- 
laid by the balsamed cover, such a degree ot warmth is to be applied 
as will suffice to liquefy the balsam without causing it to flow 
freely ; and the glass cover is then to be quickly prossed-down, and 
i^o slide to be rapidly cooled, so as to give as Htlle time as possible 
for the penetration of the liquefied balsqm into the lacunar 
^stem.— The same method may be employed m making sections of 
Teeth.t— “'^rhe study of the organic l)aHis of Bone (commonly, but 
erroneously, termed cai^lage) should be pursued by macerating a 
fresh bone in dilute Xitro-hydrochloric acid, then macerating it 
for some time in pure water, and then tearing thin shreds from 

• See Prof. J. Quekett’s Memoir ou this subject, iu the " Trausuct. of thr 
MUtosc. Soc.,” Ser. 1, Vol. ii. ; and his mort^ ample illustration of it in th« 
Blttstraied Catalogue of the Histological Collection in the Musenxii of the 
jfioyal Oollego of Surgeons,’* Vol. ii. * 

t ScuB© useful hinta on the mode of making these preparations will be found 
in the “ Quart. Joum. of Microsc. Science,” Vok vU, (1859), p. 258, 
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tbe midual ambstance, wHch will be found to consist of an 
fectly^fibnOated material, allied in its essential constitution to the 
* white fibrous’ tissue (§ 668). 

656. jree^?i,— The intimate structure of the Teeth in the several 
Classes and Orders of Vertebrata, presents differences whirii ore 
no leas remarkable than those of their external form, arrangmiient, 
and succession. It will obviously be impossible here to do more 
than sketch some of the most important of these varieties.— The 
principal part of the substance of all teeth is made-up of a solid 
tissue that has been appropriately termed den tine. In the ^Shark 
tribe, as in many other Fishes, the general structure of this den- 
tine is extremely analogous to that of bone ; the tooth being 
traversed by numerous canals, which are continuous with the 
Haversian canals of the subjacent bone, and receive blood-vessels 
from them (Fig, 41«3) ; and each of these canals being surrounded 
by a system of tubuli (Fig. 4ft), which radiate into the sttrrottnding 


Fio. 



F if', 443. F«.*rpcnfUcuiar Bo/'tioii of Tooth of Lunnuty mode- 
rately enlarged, showing notM ork of medullary eaiifilH. 

Fig. 444. Transverse section of |)ortion of l<;oth of 
more In'ghly magnified, Hhowiug orifices of mf^dullar}* cftimlw, 
with systenrs of radiating and inosculating tuhuH. 

solid substance. These tubuli, however, do not cuter lacunm, nor 
is there any concentric annular arrangement around the meduilaiy 
can^B ; but each Hystem of tubuli is continued onwards through 
Its own division of the tooth, the individual tubes nometmm 
mving'Off lateral branches, whilst in other insUnces their trunks 
bifurcate. This^ arrangement is peculiarly well displayed, when 
sections of teetrconstructed upon this type are viewed as opacme 
objects (Fig. 445).— In the teeth of tbe higher Yertebrato, 
however, we usually find the centre excawted into a single 
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cavity (Fij?. 446), and the remainder destitute of rascular canals ; 
but there are intermediate cases (as in the teeth of the great fossil 

Sloths) in which the in- 
445 , nerporaon of the dentine 

is traversed bjr prolon- 
gations of this cavity, 
conveying blood-vessels, 
which do not pass into 
the exterior layers. The 
tubnli of the ‘ non- vas- 
cular * dentine, which 
exists by itself in the 
teeth of nearly all Mam- 
malia, and which in the 
Elephant is known as 
‘ivory,’ all radiate from 
the central cavity, and 
pass towards the surface 
of the tooth in a nearl}" 
i r.se S('<’tioii of Tooth of Mi/liohatcs ]>arallcl course.^ Their 
> lUy) viewod as an opacpio objoci. diameter at their largest 

part averages 1-10, 000th 
oC an inch ; their smallest branches are immeasurably line. The 
tubuli in their course present greater and lesser undulations ; the 
former are few in number : but the latter are numerous, and as 
they occur at the same part of tlu' course of several contiguous 
tubes, they give rise to the apjjearaiua^ of ^ines concentric with 
the centre of radiation. ’'Phese ‘secondary curvatures ’ 2 '‘^obably 
iudicate, in dentine, as in the Crab’s sliell (§ 61^5), succ^essive stages 
of ealcitieation. “ -’Phe tubnli ere oecupied, during the life of the 
tooth, by delicate threads of jirotoplasmic substance, extending 
into them from the central i^ulp. 

651'. In the Tt^eth <»f Man and most other Mammals, and in 
those of many Reptiles and some Pushes, we find two other sub- 
stances, one of them harder, and the other softer, than dentine; 
the former is toruuMl cafoae/,* and the latter cmmmivm or crudet 
pdfosn , — '^riie (‘unutd is composed of long prisms, closely resembling 
those of the ‘ prisnuitic Shell-suhstance formerly described (§ 563),. 
but on a far more ininntc' s<ade ; the diameter of the i)risms not 
being more in Man than l-560Uth of an inch. The length of the 
prisms corresponds with the thickness of the layer of enamel ; and 
the two surfaces of this hiycT jn-csent the ends of the prisms, the 
form of which usually approaches the hexagonal. The course of 
the enamel-prisms is 'more or less wavy ; and they are marked by 
numerous transverse striae resembling those of the prismatic 
shell-substance, and proljably originating iu the same cause, — the 
coidosoence of a series of snorter prisms to formethe lengthened 
prism. In Man and in Carnivorous animals the enamel covers the 
L of the tooth only, with a simple cap or superficial 4yer of 
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tolerably uniform tbickness (Fig. 446, a), 
of the dentine in all its inequalities ; ai 
are directed at right angles to that sur- 
face, their inner extremities resting in 
slight but regular depressions on tin* 
exterior of the dentine. In the tecdh of 
many Herbivorous animals, Jiowewr, 
the enamel forms (with th(‘ cemeutum) a 
seiTcs of vertical plates, which dij) down 
into the substance of the deuthu*. and 
present tlicir edg(‘s alternat«‘ly with it, 
at the grinding surlnci* ol tlie tooth , 
iind ther (3 is in sucli teetli no continuon^^ 
layer of enamel over the crown. This 
arrangement provides, by the uuetpial 
wtw'oi these tJirec substances (of whicli 
the enamel is the liardcst, and the 
cemeutum the sotb'st), for tin* eonsiant 
mainitmance (d‘ a rough siiriacc, adajded 
to triturate the tough \<*gt*ta]de sub- 
stances on wliicli tlu'se animals ieed. 
’rhc) enamel is tin' least c,onstant ol the 
<lental tissm's. It is more trequently 
absent than j)r(*b(‘nt in tie* te<th ol 
Fishes; it is imtirely wanting m lln* 
teeth of Scr])entH ; and it lorins no ]«jrl 
of those of the Kdeifbata* (sloths, A.c ) 
and (h'tiicea (whales) among Mammals. 

-The n niciifiiiit, or rytthfa Ims 


which follows the surfiice 
id its oom|K)nont prisms 



\ tM iH’iil S< t iKMi <»f Unman 
Mofai 'fuoth — a,ruamvl; b, 
c( m< ritmii oi frtmtii pelmmi ; 
<, or ivoiy; </, os- 

K'oijh ( <‘w*<‘nt'c, unsing 

fjoiu In of (Msuon- 

hmi; j)iilj>-<’avily ; /, ns- 


the characters of tnic hone; ])<)Ss(*ss- of il.-nhiic. 
ing its distinctive stf'llati' la<-uiue and 

radiating canalieuli. AVlicre it exists in small amount, we do 
not find it travorstsl by medullary canals; but, like dentine, 
it is (jceasioiially furnished with tliein. and thus reserableH bone 
in every particular. I'lieso medullary canafs < liter its substonCi' 
Irom the exti'rior ot the tooth, and coDHC4(uently pass towards 
those which radiate frorne the central cavity in tlie direction of 
the surface of the dentine, where this jmsHcsses a similar vas- 
cularity, ^ — as was ftinurkably the ease m the teeth of the gr<«it 
extinct Merfaihci'ium. In the Human to<;th, however, the cementum 
has no such vaRcularity ; hut forms a tliin layer (Fig- 44*6, h), 
which envelope's the root of the tooth, commencing near the 
termination of the cap of enamel, Ju the teeth ol many her- 
bivorous Mammals, it dips down with the enamel form the 
vertical plates of the interior of the tooth ; and in tlie teeth of the 


• It bas been shown by Mr, CliarleHTonicfi,}iow<‘Ver, that the ‘enamel oigon' 
is originally pn-JInt within the tooth-capsule of the Armadilla^ tlioogb it 
undergoes an early degeneration n fact oi noliltle mh^rcbtin connection witti 
the general doctritie of ‘ Descent with modifi^ntioii.' 
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Edentata, as well as of many Beptiies and Fishes, it forms a thick 
continuous envelope over tne wnole surface, until wom*away at 
the crown. 

657. Demial B‘kehton.—T\\.Q Skin of Fishes, of most Eeptiles, 
and of a few Mammals, is strengthened by plates of a homy, car- 
tilaginous, bony, or even enamel-like texture ; which are sometiines 
Btted-together at their edges, so as to form a continuous box-like 
imvelope ; whilst more commonly they are so arranged as partially 
to ovenie one another, like the tiles on a roof ; and it is in tWs 
latter case that they are usually known as scales. Although we 
arc accustomed to associate in our minds the ‘ scales’ of Fishes 
with those of Reptiles, yet they are essentially-different structures ; 
the former being developed in the snlstance of the true skin (with 
a layer of which, in addition to the epidermis, they are always 
covered), and bearing a resemblance to cartilage and bone in their 
texture and composition ; whilst the latter are formed upon the 
surface of the true skin, and are to be considered as analogous to 
nails, hoofs, Ac., and other ‘epidermic appendages.’ In nearly all 
the existing Fishes the scales are tiexible, being but little con- 
solidated by calcareous deposit ; and in some species they are so 
thin and transparent, that, as they do not project obliquely from 
the surface of the skin, they can only be detected by raising the 
snperticial layer of the skin, and searching beneath it, or by tearing 
oft the entire thickness of the skin, and looking for them near its 
under surface. This is the case, for example, with the common 
AW, and with the vivljiaroas lilenny ; of either of which fish the 
skin is a very interesting object when dfded and mounted in 
Canada balsam, the 8eal(3s being seen imbedded in its substance, 
whilst its outer surface is studded with pigment-cells. Generally 
sTXiaking, however, the posterior extremity of each scale projects 
obliquely from the general surface, carrying before it the thin 
membrane that encloses it, which is studded with pigmcnt-cells; and 

a portion of the skin of 
almost any Fish, but 
especially of such as have 
scales of the ethmoid kind 
(that furnished at 
their posterior extremi- 
ties with cf)mb-like teeth. 
Fig. 4rt8), when dried 
>vith its scales in situ^ is 
a very beautiful opaque 
object for the low powers 
of the Microscope (Fig. 

TorUon of Skiu of vievod as an opaqoo ««Pe«ally with the 

objtjct. Binocular arrangement. 

. Care n^t be taken, 

however, that the light is made to glance upon it in the most 
advantageous manner ; since the brilhance with which it is reflected 


Fio. 447. 
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from the comh-like projections entirely depends upon the an^e at 
wMch it falls upon them. The only appearance of structure ex- 
hibited by the thin flat scale of the Eel, 
when examined microscopically, is the 
presence of a layer of isolated sphe- 
roidal transparentj bodies, imbedded in 
a plate of like transparence; these, from 
the researches of Prof. W. C. William- 
son^ upon other scales, appear not to be 
cells (as they might readily be supposed 
to be), but concretions of Carbonate 
of Lime. When the scale of the Eel 
is examined by Polarized light, its siir- 
i'ace exhibits a beautiful St. Andrew's 
(jrosH ; and if a plate of Selenite be 
placed behind it, and the analyzing 
prism be made to revolve, a remarkable 
play of colours is presented. 

()58. In studying the structure of the 
more highly developed scales, we may 
take as an illustration that of the Carp ; 
in which two very distinct layers can be 
made-out by a vertical section, with a 
third but incomplete layer interposc<l 
between them. The outer layer is com- 
])oaed of several concentric laminae ol a 
structureless transpji^ent substance, like that of cartilage; the outer- 
most of these laminae is the smallest, and the size of the plates in- 
creases progressively from without inwards, so that their margins 
appear on the surface as a series of concentric lines ; and their sur- 
faces are thrown into ridges and furrows, which commonly have a 
radiating direction. The inner layer is compf)sed of numerous 
laminBB of a flbrous structure, the fibres of each lamina f>eing in- 
clined at various angles to those of the lamina above and below it. 
Between these two layers is interposed a stratum of calcareous 
cx>ncretion8, resembling those of tne scale of the Eel : these are 
sometimes globular or spheroidal, but more commonly ‘lenticular,' 
that is, Having the fonn of a double-convex lens. The scales which 
resemble thosb of f#ie Carp in having a form more or less circular, 
and in being destitute of comb-uke prolongations, are calied 
r'jvloid; and such are the characters of those of the Balmou, 
Herring, Roach, Ac. The structure of the efenmd scales (Fig. 446), 
which we find in the Sole, Perch, Pike, Ac., does not differ esaeu- 
tially from that of the cycloid, save as to the projection ol the 
como-Hke teeth from the posterior margin ; and it does not appear 



of Sole^ vi(‘W(Mi AH fi 
tnuispurent obj«^ct. 


♦ S©o his elaborate Memoirs * On the Microscopic Stmetoro of the Scales 
and Dermal Teelh of some Ganoid and Placoid Fish,' in ** Philos. Transaebf*' 
; and * Investigations into the Strnctnre and Development of the 
and Bones of Fishes,’ in “Philos. Transact.,'' 1851, 
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that the strongly-marked division which Prof. Agassiz has at- 
tempted to estabhsh between the * cycloid* and the ‘ ctenoid’ Orders 
of Jishes, on the basis of this dilference, is in harmony with their 
general organization. Scales of every kind may become con- 
solidated to a considerable extent by the calcification of their soft 
substance j but still they never present any approach to the true 
Bony structure, such as is shown in the two Orders to be next 
jidverted-to. 

659. In the (jamnd Scales, on the other hand, the whole sub- 
stance of the scale is com]>osed of a substance which is essentially 
bony in its nature *. its intimate Htriicture l)eiiig always comparable 
to that of one or other of the vai’icties which ]>resont themselves 
iu the bones of the Vertebrate skehdon ; and htung very frequently 
identical with that of the boin‘s ol the same fish, as is the case with 
the L^itithskm (Fig* dl-.h one of the few existing representatives 
of this Order, which, in iormer ages of the Fartids history, compre- 
hended a large numher ot important lamilies. I'heir name (from 
ychor, splendour) is }>eHt(>w(‘d on account oi the smoothness, hard- 
ness, and high polish of the outer surface of the scales ; which is due 
to the presence of a [peculiar layer that lias h(*en likened (though 
erroneously) to the enanud ol teeth, and is now distinguished as 
ijnAhoin. The scales of this order are for the most part angular in 
their form ; and arc^ arrangi'd in regular rows, the posterior edges 
of each slightly overlapping the anUnior ones of the next, so as to 
form a very complete defensive armour to the body. - The scales of 
the yduco hi ty]H*, which characterizes the existing Sharks and Kays, 
witli their fossil allies, are irregular in their ^hape, and very com- 
monly do not come into mutual contact, but an^ separately imbeddetl 
in tlie skin, projecting from its surface under various forms. In the 
Kays each scale usually consists of a liqttened jilate of a rounded 
shape, with a hard sjiine projecting I'roiii its centre ; in the Sharks 
(to which tribe belongs the ‘ dog-fish’ of our own coast) the scales 
have more of the shape of teeth. Tliis resemblance is not confined 
to external form ; for their intimate structure strongly resembles 
that of dentine, their dense substance being travex'sed by tubuli, 
which extend from their centre to their circumference in minute 
mmifications, without any trace of osseous lacuna?. These tooth- 
like scales are often so small as to be invisible to the naked eye ; 
but they ai‘e well soon by drying a piece of thi, skin to which they 
are att^hed, and mounting it in Canada balsam ; and they are 
most brilliantly shown by the assistance of polarized light. — 
like sti’ucture is found to exist in the * spiny rays* of the dorsal 
fin, which, also, ax*u parts of the dermal skeleton ; and these 
ray a usually have a central cavity filled with medulla, from which 
the tubuli radiate towards the circumference. This structure is 
very well seen in thin sections of the fossil ‘ spiny rays,’ which, with 
the teeth and scales, are often the solo relics of the va^ multitudes 
of Sharks that must have swarmed in the anciSht seas, their 
cartilaginous internal skeletons having entirely decayed away, — 
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In making sections of bony Scales, Spiny rays, &c., the method 
mnst be followed which has been already detailed under the head 
of Bone (§ 654). 

660. The scales of Reptiles, the fmthevs of Birds, and the ItafVs, 
Ivoofs, nails, cltvws, and horns (when not bony) of Mammals, are 
all epidermic appendages; that is, they are produced uiX)n the. 
surface, not within the substam^e, of the true Skin, and are allied 
in structure to tlic Kpidennis (§ 671) ; being essentially composed 
of aggregations of cells filled wdth horny matter, and frequently 
much altered in form, 'riiis structure may generally be made-out 
in horns, nails, Ac., with little difficulty, by treating thin sections 
of them with a dilute solution of soda ; wdiich after a short time 
causes the cells that had been flattened into scales, to resume their 
globular form. The most interesting moditications of this structure 
are presen tiul to ns in Hairs and in Feathers ; which forms of 
clotliing are very similar to ea(;h other in their essential nature, and 
are develo|X‘d in the same manner -namely, by an increased pro- 
duction of epidermic eclls at the bottom of a iiask* shaped folnch?, 
which is formed in the substaiiee of the true skin, and which is 
supplied with abundance ol blood by a si>ccial distribution of vessels 
to its walls. When a hair is puJled-out ' by its root,’ its base ex- 
hibits a bulbous enlarg(nneut, of which the exterior is tolerably 
firm, whilst its interior is (occupied by a softcu* substance, whion 
is known as the * ])nlp and it is to the continual augmentation 
of this pulp in th(3 deeper paid of the follieh*. and to its conversion 
into the peculiar subataiKH^ (4‘ the hair when it has been pushetl 
upwards to its narni^v neck, that the growth of the hair is due.— 
'Lno same is true of feathers, tin; stcm.s of which are hut hairs on a 
larger scale ; for tlui ‘ quill' is the part contained witliin the foilicie 
answering to the ‘ bulb' of the hair ; and wliilst the outer part of 
this is converted into the pcculiarly-solid horny substance forming 
the ‘ barrel’ of the quill, its inb^rior is occupied, during the whole 
period of the growth of the feather, with the soft pulp, only the 
shrivelled remains of whicli, liowever, are found within it after the 
quill has ceased to grow. ' . , . 

661. Although the /mf'rs of different Mammals differ greatly in 
the appearances they present, vre may generally distinguish in 
them twp elementary parts— namely, a cortical or myesting Sub- 
stance, of a dense l%)rny texture, and a wAulhry Qt pith-like sub- 
stance, usually of a much softer texture, occupying the interior. 
The former can sometimes be distinctly made-out to consist of 
flattened scales arranged in an imbricated manner, as in some of 
the hairs of the Salde (Fig. 449); whilst, in the same hai^, 
medullary substance is composed of large spheroidal cells. In the 
MmJe-deer, on the other band, the cortical substance is nearly 
undistinguishablc ; and almost the entire hair seems made up of 
thin-waUed polygonal cells (Fig. 450). 'ilie hair of the 
though much larger, has a very similar structure ; and ita eeUs» 
except near the root, are occupied with heat alone, »o a« to aefiia 
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440, Hair of SnUe, hhovviuj^ Iur^(‘ rouinJod (’(‘lls in itn 
interior, covered by imbricuted Kcnles or flattened cells. 

450. Hair of Mmk-deer^ consisting almost entirely of 
jjolygonal cells. 

atlier small Rodents (Fig. 451, a, b), the cortical substance forms 
a tube, which we see crossed at iutt'rvals by partitions that are 

sf»iiif4iiiies complete, some- 
Fm. 451. times only partitd; these 

A n c are the walls of the single 

<»r double line of (jells, of 
which the medullary sub- 
stance is made-up. The 
hairs of the Btti tribe are 
commonly distinguished hy 
the 2 >rojections on their 
surface, which formed 
by extensions of the com- 
]>onent scales of the cortical 
substance: these are par- 
ticularly well seen in the 
hairs of one of the Indian 
species, which haB a set of 
whorls bf long narrow leaf- 
lets (so to speak) arranged 
at rc'gnlar intervals on its 
stem ((;). In the hair of 
J^SmAllHiurof Large Hair the PemH (Fig. 452), the 

o! Squirtisl : — 0 , Hair of Indian Bat. cortical envelope sends in- 
wards a set of radial pro- 
longations, the interspaces of which are occupied by the polygonal 
cells of the medullaij substance ; and this, on a s(^e, is the 
stmotote of the * quills* of the P<vrmpine ; the radiating partitions 
of whiohy when seen through the more transparent parts of the 
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cortical sheatk, give to the surface of the latter a fluted appoatauoe* ‘ 
The hair of the Ornithorhynthmin a very curious object; for whilst 
the lower part of it resembles the fine 
liair of the Mouse or Squirrel, this thins F m. 452 . 

away and then dilates again into a 
very thick fibre, having a central por- 
tion composed of polygonal cells, en- 
closed in a flattened sheath of a brown 
fibrous substance. 

662. The structure of the hiunan 
Hair is in certain respects peculiar. 

When its outer surlace is examined, it Tniusverse switiou of Hair of 
is seen to be traversal by irregular lines Vvenri. 

(Fig. 456, a), which are most strongly 

marked. in foetal hairs ; and these are the indications of the imbri- 
cated orrangemeut of the flattened C(‘11 h or scales which form the 
cuticular layer, d’his layer, as is shown hy transverse sections 
( 0 , o), is a very thin and transparent cylinder; and it encloses the 
peculiar flbrous substanc(i that constitutes the principal part of the 
shaft of the hair, d'ho constituent fibres of this substance, which 
are marked-out by the deliiiate strim that may be traced in longi- 
tudinal sections of the hair (!»), may bo semarated from each other 
by crushing the liair, especially afb^r it lias been macerated for 
some time in sulphiinc acid; and each of them, when completely 

Fm. 4:^X 




Structure of JIunmn Hair: — A, exteniol eurfnee of the shaft, showiag 
the transverse striae and jagged boundary caused by the imbrication# 
of the cuticular layer ; B, longitudinal section of the shaft, showing 
the flbrous character of the cortical substance, and the arrangement 
of the pigmentary matter ; c, transverse sertion, showing the distinc- 
tion between tho cuticular envelope, the cylinder of (cortical sal»taiice, 
and the medullary centre; n, auother transverse section, showing 
deficiency of the central cellulur substance, 

• 

isolated from it« fellows, is found to be a long spindle-shaped eelL 
In the axis of this fibrous cylinder there is very commonly a hand 
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which IB formed of spheroidal cells; buttliis * medullary’ substance 
is usually deficient m the fine hairs scattered over the general 
surface of the body, and is not always present in those of the head. 
The hue of the Hair is due partly to the presence of pigmenta^ 
granules, either collected into patches, or diffused through its 
substance; but partly also to the existence of a multitude of 
minute air-spaces, which cause it to appear dark by transmitted 
and white by reflected light. The cells of the medullary axis in 
particular, are very commonly ioimd to contain air, giving it the 
clack appearance shown at t. The difference between the black- 
ness of pigment and that of i*ir-H]>accy may be readily determined 
by attending to the e}iara(‘ter.s of the latter as already laid-dowu 
(5§ 153, 154*) ; and by watching the eftects of the penetration of 
Oil of Tnrj^cntine or other liquids, which do not liter the aj^pear- 
anoe of pigment-sjiots, but obliterate all the markings produced by 
air-spaces, these returning again as the hair dries. — In mounting 
Hairs as Microscopic preparations, tliey should in the first instance 
be cleansed of all their fatty matb^r by maceration in ether; and 
they may then be ])ut up either in weak Spirit or in Oanada balsam, 
as may be thought ])r(derahle, the loriner menstrimm being well 
adapted to display the characters of the finer and more transparent 
hairs, while the latb‘r allows the light to penetrate more readily 
through the coarscT and more optupie. Transverse sections t)i 
Hairs are best made by gluing or gumming several together, and 
then putting them into tin* Microtome ; thost' ot Human hair may 
bo easily obtained, however, by shaving a second time, very closely, 
a part of the surface over which the razor liat^ already passed more 
lightly, and by picking-out trom the lather, and careliilly washing, 
the sections thus taken-off. 

6(33. The stmiis of /voflin’s exhibit tbe sami^ kind of structure as 
Hairs ; their cortical portion ])eiug the iiomy slieath that envelopes 
the^ shait, and their medullary portion being tbe |)ith-like substance 
which that sheath includes. Jn small leathers, this may usually 
be made very plain by mounting them in CTiuada balsam ; in large 
feathers, however, the texture is sometimes so altered by the drying 
up of the pith (the cells of wliich are always found to be occupied 
by air alone), that the eellnlar structure cannot be demonstratfMl 
save by boiling thin slices in n dilnU* solutioii of potass, and uot 
always even tnen. In small feathers, especially such as have a 
downy character, tlie cellular structure is very distinctly seen in 
the lateiul harhH^ which are sometimes found to be composed ot 
single files of pear-shaped cells, laid end-to-end; but in larger 
feafiierB it ie usually necessary to increase the transparence of the 
barbs, eswcially when these are tliick and but little pervious to 
light, either by soaking them in turpentine, mounting them in’ 
Canada balsam, or boiling them in a weak solution of potass. In 
feathers which are destined to strike the air with gr»^at force in the 
act of flight, we find each barb fringed on either side with slender 
flattened filaments or * barbulcs ;* the barbules of one side of each 
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barb are hixnisked with carved hoots, whilst those of the other 
side have thick tumed-up edges ; and *as the two s^^ts of barWes 
that spring from two adjacent barbs cross one another at an angle, 
and as each hooked barbnle of one locks into the tliickoned edge 
of several barbules of the other, the barbs are connected very 
firmly, in a mode very similar to tbat in which the anterior and 
posterior wings of certain Hymeuopterous Insects are locked 
together (§ 638).— Feathers or portions of feathers of Birds distin* 
gnished by the splendour of their plumage are very good objects for 
low magnifying powers, when illuminabid on an opaque ground ; 
but care must be taken that the light falls n]ion them at the angle 
necessary to produce their most brilliant reflection into the avis of 
the Microscope; since feathers which cKliibit the most splendid 
metallic lustre to an observer at one point, may seem very dull to 
the eye of another in a different position. Tlie small feathers of 
Humming-birds, i>ortions of the feathers of the I’eacock, and others 
of a like kind, are well worthy of oxaniinatioii ; and the scientific 
Mici'oscopist, who is but little attracted by mere goigtiousuess, may 
well apply himself to the discovery of the ]»eciiliar structure which 
imparts to these objects their most remarkabh^ character. 

664*. Bections of and oth(‘r like modifications 

of Fpidermic structure, — whi(‘h can })c easily made by the Microtome 
(§ 184), the substance to be cut having been softcued, if necessary, 
by soaking in warm water, —do not in gcm^ral afford any very 
interesting features when vi<?wed in the ordinary mod(3 ; but there 
are no objects on wliich Toiari/cd light produces more remark- 
able efiects, or whidli disjday a more beautiful variety of eolours 
when a plate of Selenite is 
placed behind them find 
the analyzing prism is 
made to rotate. A curious 
modification of tln^ ordi- 
nary structure of Horn is 
})resented in the appen- 
dage home by the Jth’mo- 
t'iU'os iqxm its snout, 
which in many points re- 
sembles a bundle of hairs, 
its substance beiifg ai'- 
raiiged in minute cylin- 
ders around a number of 
separate centres, which 
have probably been fonii- 
ed.bymdependeut papilbu 
(Fig. 454). When trans- 
verse sections of these 
cylinders are ^dewed by 
polarized light, each of 
them is seen to be marked by a cross, somewhat resembling that of 


Fto. tr»i. 



Trau0ver«« Sfctiou of Horn of f«o< 
viewed by X^olanzed bight. 
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Stardi-grains; and the light and shadow of this cross are replaced 
by contrasted colours when the Selenite plate is interposed. — The 
substance commonly but erroneonsly termed whahhmte, which is 
formed from the surtaco of the membrane that lines the mouth of 
the Whale, and has no relation to its true bony steleton, is almost 
identical in structure with Rhinoceros bom, and is similarly aj^ected 
by polarized light. The central portion of each of its component 
threads, like the medullary substance of Hairs, contains cells that 
have been so little altered as to be easily recognized ; and the outer 
or cortical portion also may1)e shown to have a like structure, by 
macerating it in a solution of potass, and then in water. — Sections 
of any of the Homy tissues are best mounted in Canada balsam. 

665. Blood . — Carrying our Microscopic survey, now, to the 
elementary parts of which those softer tissues are made up, that 
are subservient to the active life of the body rather than to its 
merely-mechanical requirements, we shall in the first place notice 
the isolated fioating cells contained in the Blood. which are known as 
Blood-corpuscles. These are of two kinds ; the ‘ red,’ aud the ‘ white’ 
or * colouness,* — The red pre,sent, in every instance, the form of a 
flattened disk, which is circular in Man and most Mammalia 
(Fig. 450), hut is oval in Birds, Rej)tiles (Fig. 455), aud Fishes, as 
also in a few Mammals (all belonging to the Came.} tribe). In the 07ie 
form, as in the other, these corpuscles si^em to be flattened cells, 
the walls of which, however, are not distinctly difierentiated from 
the ground-substance they contain ; as ap)->ears fromthe changes of 
form which they spontaneously undergo when kept by moans of a 
‘ warm stage’"* at a tempe^rature of about 100^, ^and from the effects 
of pressure in breaking tlieni up. d’he red corpuscles in the blood 
of Oviparous Vert^ibrata are ui.stinguishcd by the presence of a 
central spot or nucte'ns ; thi.s is most distinctly brought into view 
by treating the bloo<l-disk.s with acetic acid, which causes the 
nucleus to shrink and become more opaque, whilst rendering the 
i*emaining jxirtion c.Ktremely transparent (Fig. 455, d). By ex- 
amining unaltered red corpuscles of the Frog or Newt under a 
su65ciently high magnifying power, the nucleus is seen to be 
traversed by a network of filaments, which extends from it 

♦ A very simple mode of applying continued wni-mth to an object under 
observatkm, is to Isy the slide on a thin plate of brass er tin, about 8 inches 
longer than the breadth of iho stage, aud about 2 inches broad ; which must 
be perforated with whole about inch in diameter, at the distance of half 
the breadth of the stage from one end of it. When this plate is laid on the 
stage, and its hole is brought into the optic axis, so as to allow the light 
redeoted upwards from the mirror to pass to the slide laid upon it, the plate will 
projtl^et abont 8 inches on one side of the stage, — preferably the right By 
placiug a small lamp beneath this projection and keeping the' finger of the left 
band on the part of tiie plate close to the object (so as to feel the degree of 
^varmth imparted to it), the heat given by the lamp m&j be related by 
varying its position.— -For more exact and oontinuoas r^pdation of the 
temperaittre, recourse be had to the ‘worm stage’ uevised by Prof, 
and made by Mr, Casella, which is traverw^d by a current of warm 
See ** Quan. Joum. of Microsc. Set,” N.S., Vob xiv. (1874), p. 894. 
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throTigliout tlie groiind-substauce of the corpuscle, constitutittg an 
intrarcellular reticulation.— The red corpuscles of the blood of 
however, possess no distinguisnable nucleus ; the dark 
spot which is seen in their, centre (Pi^. 450, h) being merely an 
effect of refraction, consequent upon the double-concave form of 
the disk. When these corpuscles ai-e treated with water, so that 
their form becomes first 


Hat, and then double- 
convex, the dark spot dis- 
appears; whilst, on the 
other hand , it is made more 
evident when the concavity 
is increased by the partial 
shrinkage of the cor- 
puscles, which may ho 
brought about by treating 
them with fluids of greater 


Fig. 45,"). 



density than their own 6 

substance. When floating of lyot/. Ulood;-.,™, their 

m a suincienwy thick stia- rtuttened fuco, ft, partich* turnt^d nearly edge- 
turn of blood drawn from wayH ; i-, <-t)lt.urlcHs ft.rpuMch' ; d, rod cor- 
tlie body, and phmed uud(‘r pusdoK ulten d by dilub-tl acetic a^dd* 
a cover-glass, the red cor- 
puscles show a marked tendency to a])proach one another, adhering 
by their dis<‘>oidal surfaces so as to present the aspect of a pile 
of 6oiii8; or, if the stratum 

be too thin to admittof this, Eio, U(i 


partially overla]q3ing, or sim- 
ply twlhering hy their edges, 
wiiich tlien i>econio polygonal 
insttmd of circular. The si/e 
of the red corjiuscles is not 
altogether uniform in the 
same blood ; thus it varies 
in that of Man from ahont 
the l-4(M0th to the l-280(lth 
of an inch. But we gene- 




rally find that there is an Kcd CorpuscicH of Blood; repre- 

average size, whichlis pretty sented at a, as they are seen when rather 
constantlymaintamed among wthin the focus of the Microscope, and 
the different individuals of tbc-y oi.i««r when precisely m the 

the same species ; that of Man 

may be stated at about 1-B200th of an inch. The following Table* 
exhibits the average dimensions of some of the most interesting 
examples of the red corpuscles in the four classes of Vertebrates 
Animals, expressed infractions of an inch. Where two measureznente 
are given, they^re the long and the short diameters of the same 


♦ These moaflurcineiate arc chiefly selected from those given by Mr. Gulliver, 
in his edition of Hewson’s Works, p. 230 et uq. 
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KAHKAIB. 


Kan . . . 

. . . 1-.3200 

Camel .... 

1-3254, 1-5931 


1-3542 

Llama .... 

1-3361, 1-6294 

WEale . . 

. . . , 1-3099 

Java Musk -Door 

. . . 1-12336 

Elephant . 

. , . 1-2746 

Caucasian Goat. 

. . . 1-7045 

Koosc . . 

. . . 1-3814 

Two-tood Sloth 

. . . 1-2866 


BI 

18. 


Oolden Eaelo 

, 1-1812, 1-3833 

Ostrich . . . 

1-1649, 1-3000 

Owl . . . 

. 1-1830,1-3400 

Cassowary . . 

1-1455, 1-2800 

Crow . . , 

. 1-1901, 1-4(XX) 

Heron .... 

1-1013, 1-3491 

Blue-Tit . . 

. 1-3313. 1-4138 

Fowl .... 

1-2102, 1-3400 

Barrot . . . 

. 1-1898, 1-4000 

Gull . . . . 

1-2097, 1-4000 


BEPTILES AND llATllACni^. 


Turtle . . . 

. 1-1231,1-1883 

Frog . . . . 

1-U08, 1-1831 

Crocodile . . 

. 1-1231,1-2280 

Water-New t 

1-8014, 1-1246 

Green Lixard 

. 1-14)55, 1-2743 

Siren . . . . 

1-420, 1-760 

Slow-worrn . 

. 1-1178,1-2000 

Proteus . . . 

1-400, 3-727 

Viper . . . 

. 1-1274, 1-1800 

Amp hi uni a . . 

i-315, 1-561 


risiiKS. 


Perch . . . 

. 1-2090,1-2824 

Pike . . . . 

1-2000, 1-3665 

Carj) . . . 

. 1-2142, 1-3429 

Eel 

1-1745, 1-2842 

Gold-FUh . 

. 1-1777, 1-2824 

' Gy in not us . . 

1 1745, 1-2699 


corpuscles. (See also Fipr. 4^7.) Thus it appears that the smallest 
red corpuscles known are those oi* the Mnshdecr ; whilst the 
largest are those of that curious prou]) of Batrachia (Frog-trihe) 
which retain the gills through the whole of life ; and one of the 
oval blood-disks of the Profeas, being more than 30 times as long 
and 17 times as broad as those of the Musk-efeer, Avould cover no 
fewer than 510 of them. — Tho.se of ihnAmphinma are still larger.*— 
According to the estimate of Vierordt, a. cubic inch of Human 
blood contains upwards of eight g mill ions of red corpusdloR, and 
nearlj" a quarter of a million of tlic colourless. 

bdo. The white or ‘ CfdourlesH’ cor])u.scles are more readily distin- 
guished in Hie hlood of Reptiles than in th it of Man ; being in the 
former case of much Biualler size, as well as having a circalar out- 
line (Fig. 455, r) ; whilst in the latter their size and contour are 
so nearly the same, that, as the red corpuscles themselves, when 
seen in a single layer, have hut a very pale hue, the deficiency of 
colour does not sensildy mark their difference cjf nature. The pro- 

E ortion of to red corpuscles being scarcely ever greater (in a 

ealthy Man) than 1 to 250, and often as low as from one-half to 
one-quarter of that ratio, there are seldom many of them to be 
seen in the field at once ; and these may l>e recognized rather by 
their isolation than their colour, especially if the glass cover hie 
moved a little on the slide, so as to cause the red corpuscles to he- 
ccMDOte aggregated into rows and irregular masses. — It is remarkable 

• A very iisteresting ftcoouut of the ‘ Strdeturo of the Bed Corpuscles of the 
Ml iridactjflum* has been given by Br. H. I>. SUimidt, of New 
itt the “Journ. of the Boyal Microsc. iSoch ty,” Yoi, L (1879). 
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that, notwithstanding the great variations in the sizes of the red 
corpuscles in different species of Vertebrated animals, the size 
of the white is extremely constant througrhont, their diameter 
being seldom much greater or less than l-8(K)0th of an inch 
in the warm-blooded classes, and l-2500th in Reptiles. Their 
ordinary form is globular ; but their a8|>ect is subject to conside- 
rable variations, which 
seem to depend in great 
part upon their phase 
of development. Thus, 
in their early state, in 
which they seem to 
l>e identical with the 
corpuscles found float- 
ing in chyh and lymph , 
they seem to be nearly 
homogeneous particles 
of protoplasmic sub- 
stance : but in their 
more advanced con- 
dition, according to 
Dr, Klein, their sub- 
stance consists of a re- 
ticulation of very fine 
contractile protoplas- 
mic fibres, termed the 
‘ iutra - cellular net-^ 
work;’ in the meshes 
of -which a hyaline 
interstitial material is 
included ; and which 
is continuous with a 
similar network that 
can be discerned in the 
substance of the single 
ordouble nucleu s, when 
this comes into view 


Fm. 4.H. 



after the withdrawal of 0)mj>arative sizt h of lUoon-Uurj/Ui»cltfM : — 

fbASfl eoTuuscles froA 1- Man; 2. Kb-phant; 8. Musk-Doer; 4. Drorao- 
.1 t" -tbpir <fary; 5. Ostrich ; 6. Pigeon; 7. Humming Bird; 

the body. In their ^ Jrocodilo ; 9. Python ; 10. Proteus ; 11, Perch i 
living State, however, 12 . Pike ; 13. Shark. 

whilst circulating m v ri • 

the vessels, the white coriiuscles, although clearly distinguishable in 
the slow-moving stratum in contact with their walls (the red cor- 
puscles rushing rapidly through the centre of the tube), do not 
usually show a distinct nucleus. This may be readily brought into 
view by treating: the corpuscles with water, which causes them to 
swell up, become granular, and at last disintegrate, with the etnis- 
el granules which may. have been previously seen in active 
3 F. 
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molecular movemeat within the corpuscle. — When the wliite cor- 
puscles in a drop of hreshly drawn mood are carefully watched for 
a short time, they may be observed to undergo changes of form, 
and even to move from place to place, after the manner of Amoshm 
(§ 403). When thus moving, they engulf particles which lie in 
their course — such as granules of vermilion that have been injected 
into the blood-vessels of the living animal, — ^and afterwards eject 
these, in the like fashion. Such movements will continue for some 
time in the colourless corpuscles of cold-blooded animals, but still 
longer if they are kept in a temperature of about 75°. The movement 
will speedily come to an end, however, in the white corpuscles of Man 
or other warm-blooded animals, unless the slide is kept on a warm 

stage at the temperature 
of about 100° F. A remark- 
able example of an extreme 
change of form in a white 
corpuscle of Human blood, 
is represented in Fig. 458. 
Similar changes have been 
observed also in the cor- 
puscles floating in the cir- 
culating fluid of the higher 
Invertebrata, as the Crab, 
which resemble the ‘ white’ 
corpuscles of Vertebrated 
blood, rather than its ‘red’ 


mals. 

667. In examining the Blood microscopically, it is, of course, 
important to obtain as thin a stratum of it as possible, so that the 
corpuscles may not overlie one another. This is best accomplished 
by selecting a piece of thin glass of 2 )erfect flatness, anil then, 
haying received a small drop of Blood upon a glass slide, to lay the 
thin-^a^s cover not upon this, but with its edge just touching the 
edge of the drop; for the blood will then be <&awn-m by capillary 
attraction, so as to spread in a unjformly-thi a layer between the 
two glas^e, Such thin fllms may be preserved in the liquid state 
by applying a cover-glass and cementing it with gold size before 
evaporation has taken place; but it is preferable first to expose 
the drop to the vapour of Osmic acid, and then to apply a drop of 
a weak solution of Acetate of Potass ; after which a cover-^ass 
may ^be put on, and secured with gold-size in the usual way. It is 
far simiuer, however, to allow such fllms to dry without any cover, 
and then merely to cover them for protection ; and in this condition 
the general characters of the corpuscles can be vetV well made-out, 
notmthstanding that they have in some degree shrivelled by the 


corpuscles, — these last, in 
fact, being altogether pe- 
culiar to the circulating 
fluid of Vertebrated ani- 


Fio. 458. 
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desiccation they have undergone. And this method is particularly 
serviceable, as affording a fair means of comparison, when the 
assistance of the Microscopist is sought in determining, for Medico* 
legal purposes, the source of suspicious blood-stains ; the average 
dimensions of the dried blood-corpuscle of the several domestic 
animals being sufficiently different from each other, and from those 
of Man, to allow the nature of any specimen to he pronounoed-upon 
with a high degree of probability. 

666. Sinwle Fihrotis Tissues, — A very beautiful example of a 
tissue of this hind is furnished by the membrane of the common 
^Fowl’s egg ; which (as may be seen by examining an egg whose 
shell remains soft for want of consolidation by calcareous particles) 
consists of two principal layers, one serving as the basis of the shell 
iteelf, and the other forming that 
lining to it which is known as the 
Tnemhrana putajiUnis. The latter 
may be separated by careful tearing 
with needles and forceps, after 
prolonged maceration in water, into 
several matted lamelh© resembling 
that represented in Fig. 459 ; and 
similar lamelbu may be readily 
obtained from the shell itself, by 
dissolving away its lime by dilute 
acid.* — The simply-fibrous stnic- 
tures of the body generally, how- 
ever, belong to one# of two very X ibrous monibrano from 

detinite kinds of tissue, the ‘ white’ ^ Fgg-sbell. 

and the ‘ yellow,* whose appearance, composition, and properties 
are very diflerent. The white 
fibrous tissue, though sometimes 
apparently composed of distinct 
fibres, more commonly iircsents 
the aspect of bands, usually of a 
flattened form, and attaining the 
breadth of l-500th of an inch, 
which arc marked by numerous 
longitudinal streaks, but can 
seldom be tom-up* into minute 
fibres of determinate size. The 
fibres and bands are occasionally 
somewhat wavy in their direction ; 
and they have a peculiar tendency 
to fall into undulations, when it is 
attempted to tear them apart from 
each other (Fig. 4*60). Tnis tissue 
is easDy distii^piislied from the 

« For on account of the curious form in which the Oarbonsle of LUns is 
disposed in the Egg-shell, see § 710. 
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otLer by the effect of Acetic acid, which swells it up and renders it 
transparent, at the same time bringing into view certain oval nuclear 
jmrticles of *germinalmatter,'which are known as ‘connective-tissue 
corpuscles* (§ 651). These are relatively much 
'1^1* larger, and their connections more distinct, in 
the earlier stages of the formation of this tissue 
( F*ig. 461 ). It is perfectly inelastic ; and we find 
ifc ill such parts as tendons, ordinary ligaments^ 
filirous capsules. &c„ whose function it is to 
resist tension without yielding to it. It con- 
stitutes, also, the organic basis or matrix of 
bone ; for although the substance which is left 
when a bone has been macerated sufficiently 
long in dilute acid for all its Mineral components 
t ) be removed, is commonly designated as carti- 
lage, this is sliownby careful Microscopic analysis 
1 not to be a correct description of it ; since it 
does not show any of the characteristic structure 
of cartilage, but is capable of being tom into 
lamella}, in which, if sufficiently thin, the ordinary 
striicture of a fibrous membrane can be distin- 
guished. — The fibrous tissue exists in the 

Portion of young single, elastic, branching filaments, 

Temlrm^ showing with a dark decided border ; which are disposed 
tho corpuscles of to curl when not put on tlie stretch (Fig. 462), 
(Terminal Mutter, and fre<piently anastomose, so as to form a 

posed among its and l-10.(X)0th of an inch m diameter; 

ilbros. they are often met with both larger and 

smaller. This tissue does not undergo any 
change, when treated with Acetic acid. It exists alone (that is 
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without any mixture of 
the white) in parts which 
rc(]uire a ]>eculiar elas- 
ticity, such as the middle 
coat of the arteries, the 
‘ vocal cords,* the ‘ liga- 
mentum nuchm’ of 
QuiSlnipeds, the elastic 
ligament which holds 
together the valves of 
a Bivalve shell, and 
that by which the claws 
of the Feline tribe are 
retracted when not in 
use; and it enters largely 
into the composition of 
areolar or connective 
tissue. 
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669. The tissue formerly known to Anatomists as * cellular/ but 
now more properly designated comiedim or areolar tissue, consists 
of a network of minute fibres and bands, which are interwoven in 
every direction, so as to leave innumerable areolin or little s]t>aces 
that communicate freely with one another. Of these fibres, some 
are of the * yellow* or elastic kind, but the majority are composed 
of the * white’ fibrous tissue ; and, as in that form of elemcntaiy 
structure, they frequently present the condition of broad flattened 
bands or membranous shreds in which no distinct fibrous arrange* 
ment is visible. The proportion of the two forms varies, accordmg 
to the amount of elasticity, or of simple resisting power, which the 
endowments of the part may require. We find this tissue in a 
very large proportion of the boaies of higher Animals ; thus it 
binds together the ultimate muscular fibres into minute fasciculi, 
unites these fasciculi into larger ones, these again into still larger 
ones which are obvious to the eye, and these into the (‘utiro muscle ; 
whilst it also forms the membranous divisions between distinct 
muscles. In like manner it unites the elements of nerves, glands, 
&c., binds together the fat-cells into minute masses (Fig. 4^), these 
into large ones, and so on ; and in this way jpenetrates and forms 
part of all the softer organs of the body. But whilst the fibrous 
structures of which the * formed tissue’ is composed have a purely 
mechanical function, there is good reason to regard the * connective- 
tissue-corpuscles’ which are everywhere dispersed among them, as 
having a most important function in the first production and sub- 
sequent maintenance of the more definitely orgaui/x'd portions of 
the fabric (§ 650). fti these corpuscles, distinct mocniricnlSf analo- 
gous to those of the sarcodic extensions of Rhizopods, have been 
recognized in transparent parts, such as the cornea of the eye 
and the tail of the young Tadpole, by observations made on these 
parts whilst living. — For the display of the characters of the 
fibrous tissues, small and thin shreus may bo cut with the curved 
scissors (§ 186) from any part that affords them ; and those must be 
tom asunder with needles under the simple Microscope, until the 
fibres are separated to a degree sufficient to enable them to be 
examined to advantage under a higher magnifying power. The 
difference between the ‘ white* and the * yellow’ components of con- 
nective tissue is at ^nce made apparent by the effect of Acetic acid; 
whilst the ‘ connective-tissue-corpuscles’ are best distinguished by 
the staining-process (§ 2(K)), especially in the early stage of the 
formation of these tissues (Fig. 461). 

670. Shin; Mucous and Serous Memhranes.^lihe Skin which 
forms the external envelope of the body, is divisible into two prin- 
cipal layers ; the cutis vera or ‘ true skm,' which usually makes up 
ly far the larger part of its thickness, and the * cuticle/ * scari- 
sxin,’ or epidermis, which covers it. At the mouth, nostrils, and 
the other orifioos of the open cavities and canals of the body, t^ 
skin passes into the membrane that lines these, which is dis- 
tinguished as the mucous membrane, from the peculiar ghury 



secivtioii <A mucus by which its TOrto is prote^. tose 
great dontd cavities <k the body, which sanwad the he^, Iw^, 
mtestiaes, Ac., are lined by membranes d a diffe^tkmd ; wtaon, 
as they secrete only a thin serons fluid from ^eir surfacM, are 
known as terom membranes. Both Mucous and Serous membrmes 
consist, like the Skin, of a proper membranous basis, and erf a 
tiiin cuticular layer, which, as it differ m manvT^nts the 
epidermis, is distinguished as the Epitlielium (§ 673).— Ihe sub- 
^oe of the ‘true skin’ and of the ‘ mucous’ and ‘ serous mem- 
branes is principally composed of the fibrous tissues last desonbed ; 
but the skin and the mucous membranes are very copiously 
supplied with Blood-vessels and with Glandul® of various kinds ; 

and in the flkin we also find abun- 
dance of Nerves and Lymphatic 

■ vessels, a, s ^ell as, in some parts, 

a part furnished with numerous 

deeper layers of the cutis vm'a little 
clum])s of fat-cells, /, and the per- 
spiratory glandiilte,d,d, whose ducts, 

1 viv pii'Ss upwards : whilst on its 

jrr: j surface we distinguish the vascular 

'S papillae, p, supplied with loops of 

* % blood-vessels from the trunk, and 

'M ^ tO’Ctile papilla, f, with its nervo 

twig. The spaces between the pa- 

, dermis, a, in which its colouring 

f ^^^ter is chiefly contained, whilst 
which sh^»etep“cBBionro"'“ W “ covered by the homy layer, 
twoen the eminences b, &, on which » which is traversed by the spirally 
op<‘n the perspiratory ducts « ; at twisted continuations of the i>er- 
m is seen the deeper layer of the spiratory ducU, opening at s upon 
epidermis, or stratum Malpighii : surface, which presents alter- 

i»d .w 

with their ^cts c, and aggn'ga- tiona, h. ^The distribution of the 
feions of fat-cells /? g, arterial t\vig blood- ves^ls in the Skin and Mu- 
snpplyingthe vascular papillaep; cons membranes, which is one of 
one of the tactile liapiUm with the most interesting features in 
ta nerve. their structure, and which is in- 




Vertical Section of Skin of Fiu- 


twoen the eminences ft, &, on which 
optm the perspiratory ducts « ; at 
m is seen the deeper layer of the 
epidermis, or stratum Malpighii : 
— B, cutis verUi in which are im- 
bedded the perspiratoiw' glands rf, 
with their ducts c, and aggn'ga- 
feions of fat-cells/? g, arterial t\vig 
supplying the vascular papillie p ; 

one of the tactile liapiUm with 
its nerve. 


timately connected with their several functions, will come under 
<mr notice hereafter (Figs. 479, 482, 483), In Serstis membranes, 
on the other hand, whose function is simply protective, the supply 
of Blood-vessels is more scanty. 
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67L Stpidmmc md Bpithdidl The Epidemii or 

* cuticle* cevers the whole exterior of the body, ae a thin semi- 
trau^rent pellicle, which is shown by Microscopic examination to 
consist of a series of layers of cells, that are continually wearing-off 
at the external surface, and being renewed at the surface of the true 
shin ; so that the newest and deepest layers gradually become the 
oldest and most superficial, and are at last thrown-off by slow 
desquamation. In their progress from the internal to the external 
surface of the epidermis, the cells undergo a series of well marked 
changes. When we examine the innermost layer, we find it soft 
and granular ; consisting of germinal corpuscles in various stages 
of development into cells, held together by a tenacious semi-liuid 
substance. This was formerly considered as a distinct tissue, and 
was supposed to be the peculiar seat of the colour of the skin ; it 
received the designation of Malpighian layer or rcfe mucomm. 
Passing outwards, we find the cells more completely formed; at 
first nearly spherical in shape, but becoming polygonal where tb<^ 
are flattened one against another. As we proceed further towards 
the surface, wo perceive that the cells arc gradually more and more 
flattened until they become mere horny scales, their cavity being 
obliterated ; their origin is indicated, however, by the nucleus m the 
centre of each. This change in form is accomi)aniod by a change 
in the chemical composition of the tissue, which soeins to bo auo ^ 
the metamorphosis of the contents of the colls into a horny sub- 
stance identical with that of which hair, horn, nails, hoofs, &c., arc 
composed.— Mingled with the epidermic cells, wo find others whicb 
secrete colouring ma^er instead of horn ; these, which are 
‘ pigment-cells,’ are especially to be noticed in the epidermis or tne 
Ne^o and other dark races, and are most distingmshable in the 
Malpighian layer, their colour appear- 
ing to fade as they pass towards the 
surface. — The most remarkable devel- 
opment of pigment- cells in the higher 
animals, however, is on the inner surface 
of the choroid coat of the Eye, where 
they have a very regular arrangement, 
andf form several layers, known as the 
pigmentuni nhjnuti^ When examined 
separately, these cells are found to 
have a polygonal form (Fig. 464, n), 
and to have a distinct nucleus (h) in 
their interior. The black colour is 
given by tbe accumulation, witbin each 
cell, of a number of fiat rounded or 
oval granules, of extreme minuteness, 
which exhibit an active movement 
when Bei-fre% from the cell, and even whilst encloe^ rntnia 
it The pigment-cells are not always, however, of this 
rounded or polygonal form ; they sometimes present remarkabm 
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OToloncatums, trader tflucfe form they are well eeMi iatbe 
^ ffig. 478 . e, «). 'Hte gradual fomatiott of itoe 

*tn ottaelfrog^rjg. ^ ^ traced in the 

Fic. 465. pigment-eelle of tlra Tad^e du^ifa 

metamorpKosis (Fig. 4 d 5). 
varieties of form are to he met-mtn in 
the pigmentary cells of Fishes and small 
Crustacea, which also present a great 
variety of hues ; and these seem to take 
the colour of the bottom over which the 
animal may ii' e, so as to serve for its 
concealment. 

672. The structure of the Epidermis 
may he examined in a variety of ways, 
[f it be removed by maceration from 
the true Skin, the cellular nature of its 
under surfaco is at once recognized, 
when it is subjected to a ma^ifying 
power of 200 or 300 diameters, by light 
transmitted through it, with this surface 
uppermost ; and if the epidermis be that 
of a Negro or any other dark-skinned 
race, the pigment-cells will be very dis- 
tinctly seen. This under-surface of the 
epidermis is not hat, but is excavatod 
into pits and channels for the reception 
of the papillary elevations of the true 
8kin ; an arrangement which is shown 
on a large scale in the thick cuticular 
covering of the Dog’s foot, the subjacent 
papillffi l)eing large enougli to be distinctly seen (when injected) 
with the naked eye. The cellular nature of the newly-forming 
layers is best seen by examining a little of the soft fihn that is 
found upon the surface of the true Skin, after the more consistent 
layers of the cuticle have been raised by a blister. The alteration 
which the cells of the external layers have undergone, tends to 
obscure their character; but if any fragment of epidermis be 
macerated for a little time in a weak solutioj of Soda or Potass, 
its dry scales become softened, and are filled-ou*t by imbibition into 
rounded or polygonal cells. The same mode of treatment enablea 
us to make out the cellular structure in warts and corns, which 
are epidermic growths from the surface of papillae enlarged by 
hyi^rtrophy. 

673. The Bpttliclium may be designated as a delicate cuticle, 
covering all the free internal surfaces of the body, and thus lining 
all its cavities, canals, &c. Save in the mouth and other parts in 
which it approximates to the ordinaiy cuticle bothfin locality and 
in nature, its cells (Fig. 466) usually form but a single layer; and 
are so deficient in tenacity of mutual adhesion, that they cannot 
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bedstaciwd, m the form of a contiimous membrane. Their »liapt> 
va^ greaUy. Sometimes they are broad, flat, and scale-Ufe, 
and tbmr edges approximate closely to each other, so as to form 
wnat IS ternitd a * pavement* or ‘ tessel- 
lated* epithelium : such cells are ob- “ 

servable on the web of a Frog’s foot, 
or on the t^ of a Tadpole; for, 
though covmng an external surface, 
the soft moist cuticle of these parts 
has all the characters of an epithelium. 

In other cases the cells have more of 
the form of cylinders, standing erect 
side-by-side ; one extremity of each 
cylinderforming part of the free surface, 
whilst the other rests upon tlie mem* 
brane to which it serves as a covering. 

If the cylinders be closely pros.sed 
together, their form is changed into 
pnsms ; and such epithelium is often 
known as ‘ prismatic.* On the other hand, if the surface on which 
it rests be convex, the bases or lower ends of the cylinders become 
smaller than their free extremities ; and thus each has the form of 
a truncated cone rather than of a cyiimler, and such e])ithelium 
(of which that covering the villi of the intestine, Fig. 479, is a 
peculiarly-good example) is termed ‘ conical.’ But bs.‘tween those 
priinarj forms of epithelial cells, there are several intermediate 
gradations ; and oiie often passes almost insensibly into the other. 
— Any of these forms of epithelium may be turnisheil with c/Vie ; 
but these appendages are more 
commonly found attached to the 
elongated, than to the flattened 
forms of epithelial cells( Fig. 4(57) . 

Ciliated epithelium is foun<lupou 
the lining membrane of the air- 
passages in all air-breathing 
yertebrata : and it also presents 
itself in many other situations, 
in which a propulsive jxiwer is 
needed to prevent an accumula- tics; 6, cilia, 
tion of mucous or other secre- 
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lls resting on their srualler extremi- 


lions. Owing to the very slightattachraentthat usually exists between 
tlie epithelium and the membranous surface whereon it lies, there 
is usually no difficulty whatever in examiuiug it; nothing mori' 
being necessary than to scrape the surface of the membrane with 
a knife, and to add a little water to what has been thus removed. 
The ciliary action will generally be found to jicrsist for some hotins 
or even days^fter death, if the animal has been previously in fall 
rigour ;• ana the cells that bear the cilia, when detached from each 
• Thus it bftS been observed in tbe lining of the windpipe of a ^ 
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^ fy&^ nfeout ill Wd^. K tlio iWn fciid u 

‘ oSdin tike fcead,’ be miloeot^ io imcroeoo^o 

owamonJT be found to oontnm a great ntanto ofciUated epitlie- 

Uum^nl which have been tlirown-ofE from the hmng membrane ot 

On^of the best examples which the bodies of higher 
animus afford, of a tissue composed of an aggregation of cells, is 
presented by Fat; the cells of which are distinguished by their 
power of drawing into themselves oleaginous matter from the 
blood. Fat-cells J^re sometimes dispersed in the interspaces ot 
areolar tissue ; whilst in other cases they are aggreg^ed in distinct 
masses, constituting the proper Adipose substance. The individual 
fat-cells always present a nearly spherical or spheroidal form ; 
sometimes, however, when they are closely pressed together, “they 
become somewhat polyhedral, from the battening of their walls 
against each other (Fig. 4(58). Their intervals are traversed by a 
minute network of blood-vessels (Jbig. 
480), from which they derive* their secre- 
tion ; and it is probably by the constant 
moistening of their walls with a watery 
fluid, that their contents are retained 
without the least transudation, although 
these are quite fluid at the temperature 
of the living body. Fat-cells, when 
filled with their characteristic contents, 
have the peculiar appearance which has 
been already described as appertaining 
to oil-globules (§ 154), being very bright 
in their centre, and ^e^y dark towards 
their margin, in consequence of their 
high refractive power; but if, as often 
happens in preparations that have been 
long mounted, the oily contents should 
Ar^larnnAA'Tii^meiisHm; escaped, they then look like any 

^ollr toiV ’ ’ the same form. Although 

areolar tissue. ^ 

(consisting of a solution of Stearine or Margarine in Oleine) 
is liquid at the ordinary tem])eratiire of the^ody of a warm- 
blooded animal, yet its harder x>ortion sometimes crystallizes on 
cooling ; the crystals shooting from a centre, so as to form a star- 
shapea cluster. — In examining the structure of Adipose tissue, it is 
desnrable, where practicable, to have recourse to some specimen in 
whibh the fat-cells lie in single layers, and in which they can be 
obeerred without disturbing or laying them open ; such a con- 
dition is found, for exam|de, in the mesentery of the Mouse ; and 

erlminal, as much ns seven days after death ; and in that of th# river Tortoiao 
it has b(^n seen fifteen days after death, even though putrefaction had already 
far advanced. 
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itis nba m^T^f met wjtk in tke whtfOipvMi^ 

mt^irals in tha coimeot^Ta tistnds of tibe iMaoloi* 
^ Bm^l c^ootlone of fat-ceSa oadat in the laM« 
into view by vertical sectioiii of 
Hi (l<^. , And the structure of hrge massos of fat may be 

eicanuned by thin sections, these being* placed under water in thin 
oells, so as to take-off the pressure of the glass-cover from their 
surface, which would cause the 
esca^ of the oil-particles. No Fio. 460. 

method of mounting (so far as the 
Author is aware) is successful in 
causing these cells permanently to 
retain their contents. 

675. Cartilage. — In the ordinary 
forms of Cartilage, also, we have 
an example of a tissue essentially 
composed of colls ; but these ai^ 
commonly separated from each 
other by an ‘intercellular sub- 
stance,’ which is so closely ad- 
herent to the outer walls of the cells as not to be separable from 
them. The thickness of this substance differs greatly in different 
kinds of cartilage, and even in different stages of the growth of 
any one. Thus in the cartilage of the external ear ot a bat or 
mouse (Fig, 469), the cells arc packed as closely together as are 
those of an ordinary Ve- 
getable parenchyma (Fig. 

*236, a) ; and this seems to 
be the early condition of 
most cartilages that are 
afterwards to present a 
different aspect. In the 
ordinary cartilage^, how- 
ever, that cover the extre- 
mities of the bones, so as 
to form smooth surfaces 
for the working of the 
Joints, the amount of 
intercellular substance is 
usually considerable ; and 
the ■ cartilage - cells are 
commonly found im- 

bedded there in dusterg Section of thpbmnchidCorWfaff. of T»dpol«: 
of two, three, or four (1) ig, — a, group of four cclU, aopowting ftoia esoh 
470), which are evhiently other ; fr, i«ir of cells in Apposition ; c, c, oueWi 
formed by a process of cartilage-oclls ; rf, oavity oonUiniag throe 
‘ binary subOivisioiL’ The probably behind), 

substance of these cell a lar 

cartilages is entirely destitute of blood-vessels ; being uouriahed 
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a^ld^byimbibitiou from the bloodbrongbito the membrane covering 
tbeir Bnr£ao6« Hence timy may be ©ompared, in regard ^tbeir 
g^ade of oiganixation* wim the larger Algaa; which consist, HkO 
tnemi of aggregations of cells held together by ^nterceUnlar sub- 
stance, without vessels of any kind, and are nourished by imbibition 
through their whole surface. — ^There are many ca^s, however, in 
which the structureless intercellular substance is replaxied by 
bundles of fibres, sometimes elastic, but more commonly non-elastic; 
such combinations, which are termed ^[/ro-cartilages, are interposed 
in certain joints, wherein tension as well as pressure has to be 
resisted, as for example, between the vertebrae of the spinal ^lumii 
and the bones of the pelvis. — In examining the structure of Carti- 
lage, nothing more is necessary than to make very thin sections 
with a sharp razor or scalpel, or, if the specimen bejargo and dense 
(as the cartilage of the ribs), with the Microtome. These sections 
may be mounted in weak spirit, Goadby’s solution, or glycerine- 
jelly; but in whatever way they are mounted, they undergo a 
gradual change by lapse of time, which renders them less ^fit to 
display the characteristic features of their structure. 

676. Strudiire of the Gla nds . — The various Secretions of the body 
(as the saliva, bile, urine, &c.) are formed by the instrumentality of 
organs termed Glands ; which are, for the most part, constructed 
on one fundamental type, whatever be the nature of their product. 
The simplest idea of a gland is that which we gain from an exami- 
nation 01 the ‘ follicles’ or little bags imbedded in the wall of the 
stomach ; some of which secrete mucus for the protection of its 
surface, and others gastric juice. These little bags are filled with cells 
of a spheroidal form, which may be considered as constituting their 
epithelial lining ; these cells, in the progress of their development, 
draw into themselves from the blood the constituents of the 

S articulu^r product they are to secrete ; and they then seem to 
eliver it up, either by the bursting or by the melting-away of 
their walls, so that this product may be poured -forth from the 
mouthy of the bag into tne cavity in which it is wanted. The 
liiyer itself, in the lowest animals wherein it is found, presents 
this condition. Some of the cells that form the lining of the 
stomach in the Hydra and Actinia, seem to be distinguished from 
the rest by their^ power of secreting bile, which gives them a 
brownish-yellow tinge ; in many Folyzoa, Compound Tunicata, and 
Annelida, these biliary cells can be seen to occupy follicles in the 
walls of the stomach ; in Insects these follicles are few in number, 
but are ii^ensely elongated so as to form biliary tubes, which lie 
loosely within the abdominal cavity, frei^uently making many con- 
volutions within it, and discharge their contents into the com- 


men^ment of the intestinal canal ; whilst in the higher MoUusca, 
and in Crustacea, the follicles are vastly multiplied in number, and 
are connected with the ramifications of gland-dn^, like grapes 
upon the stalks of their bunch, so as to form a distinct mass which 
now becomes known as the Liver. The examination of the biliary 





tuliee of the Insect, or of the biliary follicles of the Crab* wbicli 
may be acconmlisbed with the utmost facility, is well adapted to 
an idea ot the essential nature of glandular structure. Among 
Vertebrated anbtals the Salivary glands, the Pancreas (sweet- 
bre^), and the Mammary glands, are well adapted to displ^ the 
follicular structure (Fig. 471) ; nothing more bemg necessary than 
to make sections of these organs, thin enough to be viewed as 
transparent objects. The Liver of Ver- 
tebrata, however, presents certain pecu- Fio. 471. 

liarities of structure, which are not yet 

fully understood; for although it is 
essentially composed, like other glands, 
of secreting cells, yet it has not been 
determined beyond doubt whether these 
cells are contained within any kind 
of membranous investment. The Kid- 
neys of Vertebrated animals are made-up 
of elongated tubes, which are straight, „ 

and are lined with a pavement-epithelium with their Been- 

in the inner or ‘medullary portion of the tin^ coih a, a, coutniuiiig uu- 
kidney, whilst they are convoluted and rl<*i f>, h. 
filled with a spheroidal epithelium in the 

outer or ‘ cortical.’ Certain flask -shaped dilatations of those tulw's 
include curious little knots of blood-vessels, which are known ns 
the ‘ Malpighian bodies’ of the kidney ; these are well displayed in 
injected preparations. — For such a full and corni>leto investigation 
of the structure of tkese organs as the Anatomist and Physiologist 
require, various methods must lye put in practice which this is not 
the place to detail. It is ijerfectly easy to demonstrate the cellular 
nature of the substance of the Liver, by simply scraping a portion 
of its cut surface; since a number of its cells will be then 
detached. The general arrangement of the cells in the lobules 
may be displayed by means of sections thin enough to be trans- 
parent; whilst the arrangement of the blood-vessels can only 
be 8ho^v^l by means of Injections (§ 687). Fragments of the 
tubules of the Kidney, sometimes having the Malpighian capsules 
in connection with them, may also be detached by scraping its cut 
surface ; but the true relations of these parts can only be shown by 
thin transparent sections, and by injections of the blood-vessels and 
tubuli. ITbe simple follicles contained in the walls of the Stomach 
are brought into view by vertical sections; but they may be still 
better examined by leaving small portions of the lining membrane 
for a few days in dilute nitric acid (one part to four of water), 
whereby the fibrous tissue will be so softened, that the clusters of 
glandular epithelium lining the follicles (which are but very little 
altered) will be readily separated. 

677. Musev^ Tissue , — Although we are accustomed to spoak of 
this tissue as consistinjg of * fila'es,’ yet the ultimate stru^ure of 
the ‘nmsctilar fibte* is very different from that of the * simple 
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fibrous tissues’ ab-eady described. When we examine an ordinary 
muscle (or piece of * flesb’) with tbe naked eye, we observe that it 
is made-up of a number of faecicuU or bundles of fibres (Fig. 472), 
which are arranged side-by-side^with great regu- 
Fig. 472. larity, in the direction in which the muscle is to 
act, and are united by connective tissue. These 
fasciculi may be separated into smaller parts, 
which appear like simple fibres ; but when these 
are examined by the Microscope, they are found 
to be themselves fasciculi, composed of minuter 
fibres bound together by delicate filaments of 
connective tissue. By carefully separating these, 
we may obtain the ultimate muscular fibre. This 
fibre exists under two forms, the striated and the 
non*8triated. The former is chiefly distingmshed 
by the transversely-striated appearance which it 
presents (Pig. 473), and which is due to an alter- 
nation of light and dark spaces along its whole 
extent ; the breadth and distance of these striee 
Fftsciciilus of Btri- vary, however, in different fibres, and even in 
different parts of the same fibre, according to 
contraction or relaxation. Longitu- 
atfe its jonofion with dinal stnaa are also frequently visible, which are 
theWdon. flue to a partial separation between the com- 

ponent fibriUm into which the fibre may be 
bi^en up. — When a fibre of this kind is more closely examined, it 
i» seen to be enclosed within a delicate tubular sheath, which is 
<mitefli6tincb on the one hand from the connective tissue that binds 
we fibres into fasciculi, and equally distinct from the internal sub- 
stance of the fibre. This membranous tube, which is termed tlie 


mrwlemma, is not perforated by capillary vessels, which therefore 
lie mUside the ultimate elements of the muscular substance ; whe- 
iim it is penetrated by the ultimate fibres of nerves, is a point not 
yet certainly ascertained. — ^The diameter of the fibres varies greatly 
m. fliffei^t kinds of Vertebrated animals. Its average is greater 
iuBeptiles and Pishes than in Birds and Mammals, and its extremes 
also are wider; thus its dimensions vary in the Prog from l-lOOth 
to 1400()th of on inch, and in the Skate from l-66th to l-300th ; 
wiiiist in the Human subject the average is ^out l-400th of an 
inch, and the extremes about 1 -200th and 1- 600th. 


078. The snbstance of the fibre, when broken up by ' teaziug’ 
with needles, is found to consist of very minute fibrillse, wl^h, 
when examined under a magnifying power of from 250 to 400 dia- 
met^, are seen to present a slightly-beaded form, and to show the 
aame alternation of light and dark spaces as when the fibriHae are 
united into fibres or into small bundles (Pig. 473). Tbe dark and 
light spaces are usually of nearly equal length : e^ch light space 
is flm<W by a transverse line, called ‘ Bobie’s line while each dark 
space is crossed by a lighter band, known as ‘Henseu’s stripe.’ 
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these n.nrking« indicate (life- 
rences in the eomyotvlum of the fibre; but Mr. J. B. Haycroft has 



Stiiatod UimuUir Flhrt^ separating into fibdilie, 

recently revived an idea which originated with Mr. Bowman, that 

boi-dertofthe 

stated fibre (he truly states) present wavy margins, indicative of 
a transverse ndging and fnrrowin^; the whole fibre (or a tingle 
fibnl) tlitis consisting of a succession of 
convex bead-like projections with inter- 
mediate concave de^>re8sions. When the 
of the fibre is m true focus, Dobie’s 
Kne, D, crosses the deepest part of the 
concavity, while Hensen^s stripe, u, crosses 
the most projecting part of the convexity ; 
and it can be shown^oth theoretically and 
experimentally, that this alternation of 
lignts and shades will be produced by 
the passage of light through a similarly- 
shaped homogeneous rod of any trans- 

g arent substance. If, on the other 
and, the surface of the fibre be brought 
into focus, the convex ribbings appear 
light and the intervening depressions 
dark, — which is the aspect originally 
represented by Bowman, 'the appear- 
ances are the sai^e in the extended and 

contracted states of the fibre ; with the 

exception that the alternation of light Diaemm of Striated JribrilJa. 
and dark striae is closer in the contracted 

state, while the breadth (representing the thickness) of the fibre is 
correspondingly increased,^ 

679. In the examination of Muscular tissue, a small portion may 
be cut-out with the curved scissors ; this should be tom up into iU 
component fibres ; and these, if 'possible, should l»e separated into 
their fibriUsB, j?y ^asection with a pair of needles under the Simple 

* “Quart Jonm. Microec. Science,'’ H.8,, Vol, xxi., p. 807. 
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Microacope. The {general characters of the eiHated fibre are ad- 
mirably shown in the large fibres of the Frog ; and by selecting a 
}x>rtion in which these fibres spread themselves out to unite with 
a broad tendinous expansion, they may often be fqeand so well dis- 
played in a single la^er, as not only to exhibit all their characters 
without any dissection, but also to show their mode of connection 
with the * simple fibrous* tissue of which that expansion is formed. 
As the ordinary characters of the fibre are but little altered by 
boiling, recourse may be had to this process for their more ready 
separation, especially in the case of the tongue. Dr, Beale recom- 
mends Glycerine for the preparation, and Glycerine-media for the 
preservation, of objects of this class ; and states that the alternation 
of light and dark spaces in the fibrillae is rendered more distinct by 
such treatment. The fibrillaj are often more readily sparable when 
the muscle has been macerated in a weak solution of Chromic acid. 
--The shape of the fibres can only be properly seen in cross sec- 
tions \ and these are best made by the Freezing Microtome (§ 191), 
-Striated fibres, separable with great facility into their component 
fihrillm, are readily obtainable from the limbs of Crustacea and of 
Insets ; and their presence is also readily distinguishable in the 
bodies of WormSt even of very low organization ; so that it may be 
regarded ns characteristic of the Articulated series generally. On 
the other hand, the Molluscous classes are for the most part dis- 
hy the non-Btriation of their fibre ; there are, however, 
two remarkable exceptions, strongly 
Fig. 474. striated fibre having been found in 

A B c Terehratula qnd other Brachio* 

i , 2 »od 8 (where, however, it is limited to 

j\ the anterior adductor muscles of the 

shell), and also in many Polyzoa, 

. presence seems related to energy and 

, I rapidity of movement; the non-striated 

^ I presenting itself where the movements 

/ are slower and feebler in their cha- 

I racter. 

\\ 680. The ‘ smooth’ or non-etriaied 

fffij form of Muscular fibre, which is espe- 

cially found in the walls of the stomach, 
btmctwoofnon-i/r.rt/erfMus- intestines, bladder, Sind other similar 
culRriib«):-~A, uortiou of lis- parts, is composed of flattened bands 

highly magnified ; c, a simiiar f h^se bands are collected into fasciculi, 
cell treated with acetic acid. which do not lie parallel with each other, 

. . #. 1 , cross and interlace. By maceratinir 

such muscular substance, however, in dilute nitric acid 
one part of ordinary ^id to three parts of water) for two or 
three dim, it is found th^ the bands ju«t mentioned^Wy be easily 
Heparatod into elongated fusiform cells, not unlike < woolyffl^m 


8ti*uctiu*0 of nOH’-dtrlafed Mus- 
cular Fibre A, portion of tis- 
sue showing fut^orm cells a, a 
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shape (Fig. 474, a, a ) ; each distinguished, for the most part, by the 
presence of a long staflP-shaped nucleus, h, brought into view by the 
action of acetic acid, c. These colls, in which the distinction between 
cell-wall and c^l-contents can by no 
means be clearly seen, are composed of 
a soft yellow substance often contain- 
ing small pale granules, and sometimes 
yellow globules of fatty matter. In 
the coats of the Blood-vessels are 
found cells having the same general 
characters, but shorter aud wider iu 
form ; and although some of these ap- 
proach very closely in their general 
appearance to epithelium-cells, yet 
they seem to have quite a difterent 
nature, being distinguished by their 
elongated nuclei, as well as by their 
contractile endowments. 

681. Nerve-eubstance , — Wherever a 
distinct Nervous System can be made 
out, it is found to consist of two very 
different forms of tissue— namely, the 
cdlulart which are the essential com- 
ponents of the ganglionic centres, 
and the fibrous, of which the con- Gangliou^ella ad 
neoting trunks consist. The typical from a gaugliou of 
form of the nerve-oelis or * ganglion- . 

fflobules' may be regarded as globular; but they often pre^nt on 
extension into one or more long processes, which give t^m a 
•caudate’ or * stellate’ aspect. These processes have been traced 
continuity, in some iustances. with the axis-cylinders of nerve- 
(Fisr. 475) ; whilst iu other cases they seem to inosculate 
^dth tho^of other vesicles. The cells, which do not seem to pos- 
Zb a definite cell-waU, are for the most part composed of a finely- 
ffranular substance, which extends into their prolongations; and in 
the midst of this is usually to be seen a large well-defined 
Thev also generally contain pigment-granules, which give them a 
redcLh or yellowish-brown colour, and thus impait to collections 
of XffUomc cells ki the warm-blooded Verte^ata that peculiar 
hue wfich causes it to be known as the cmeritwus or grey 
but which is commonly absent among the lower animals. 
nf the tubular nerveibres, on the other hand, of which 
iLSs are ma^e up, consists, in its fully-develo^d form, of a 
Zmbranoim sheath, within which is a hollow cylinder of 
f^rSTkno^^s the ‘white substance of Schwann,’ whose 
boundaries are markcd-out by two distinct lines, 
margin of the nerve-tube what is described as a 
Si consul# Tbe contents of the membranous envelope are ve^ 
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coatact of water or of mj wMeh are foreign to their 

m^ore, that their characters can only ^ properly jndged-of When 
tWf iwre quite fresh. The centre or axis of the tube is then found 
to m occnined by a transparent substance whld^ is known as tbe 
* axis-cylinder ;* and there is reason to believe that this last, which 
is a protoplasmic substance, is the mential component of the 
nerve-fibre, while the function of the hollow cylinder that surrounds 
it, which is^ composed of a combination of fat and albuminous 
matter, is simply protective. The diameter of the nerve-tubes 
differs in different nerves ; being sometimes as great ps l-1500tb 
of an inch, and as small in other instances as 1 -12,000th. — In 




many of the lower Invertebrate, such as 
Fig. 47f>. Meduace (§ 523) and ComatulcB (§ 546), 

» W 0 seem fully justified by physiological 
evidence in regarding as Nerves certain 
protoplasmic fibres which do not possess 
the characteristic structure of ‘nerve- 
tubes and fibres destitute of the 
‘ double contour’ are found also in cer- 
tain parts of the body of even the highest 
Yertebrates. These fibres, which are 
known as ‘ gelatinous/ are considerably 
smaller than the preceding, and do not 
exhibit any differentiation of parts (Fig. 
476). They are fiattened, soft, and homo- 
geneous in their appearance, and con- 
tain numerous npclear particles which 
are brought into view by acetic acid. 
They can sometimes be seen to be con- 
GeUtinoufi Nf*r\v-libros, from tinuous with the axis-cylinders of the 
Olfactory Nerve. ordinary fibres, and also with the radia- 

XI, • , prolongations of the ganglion-cells ; 

so that their nervous character, which has been questioned by some 
anatomists, seems established beyond doubt ^ 

the Nerve-fibres is a sabiecton 
which there has been great divergence of opinion, and which can 
Th investigated by observers of great experience 

both the motor and the sensory nerve-tubes, Os they apnroach their 
termnations m the muscles and in the skin resp^ive^ly, the pro^ 
toplasmic pis-cylmder is continued beyond its^ envelopes o^n 

which inosculate ^h 
^h other so as to form a network closely resembling that formed 
hy the p^udo^dial threads of Bhizopodg (Nig. 283). Beoent 
desenbed the fihrillae of motor nerves as terminating 
W motorial end-plates seated upon or in the muscular fibres ; anl 

A® Batoodic substance, 

into which those throads often dilate.— Where thd^kin is speoiallv 
endowed with taetde sensibility, we find a special p^Ior^ 
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soda (1%. 477). It was fonaMly 


to sensation : but it is 
now known that a 
large proportion (at 
any rate) of those 
that are furnished 
with loop^B of blood- 
vessels (Figs. 463, p, 
483), being destitute 
of nerve-fibres, must 
have for their special 
office the production 
of Epidermia; whilst 
those which, possess- 
ing nerve-fibres, have 
sensory functions, 
are usually destitute 
of blood-vessels. The 
greater part of the 
interior of each sen- 
sory papilla (Fig. 477, 
c, c) of the skin is oc- 


Fto. 477. 



Vertical ScctioD of Skiu of Fing’cf, sljow'in/; 
the branches of the cutaneous nervt-s, «, 6, mos- 
culating to form a plexus, of which the ultimato 
libres pass into the cutaneous papillfic, c, r. 


cupied by apeculiar ‘ axile body,’ which seems to be merely a bundle of 
orainary connective tissue, whereon the nerve-fibre appears to termi- 
nate. The nerve-fibres are more readily seen, however, in the ‘fungi- 
form’ papillm of the Tongue, to each of which several of them prtK 
ceed ; these bodies, which are very transparent, may be weU seen by 
snipping-off minute portions of the tongue of the Frog; or by 
snipping-off the papillm themselves from the surface of the living 
Human tongue, which can be readily done by a dexterous use of 
the curved scissors, with no more pain than the prick of a pin 
would give. The transparence of these papilla9 also is increased 
by treating them with a weak solution of soda.* — ^Nerve-fibres have 
also been found to terminate on sensory surfaces in minute * end- 
bulbs’ of spheroidal shape and about l-600thof an inch in diameter; 
each of them bein^ composed of a simple outer capsule of connec- 
tive tissue, filled with clear soft matter, in the midst of which the 
nerve-fibre, after losing its dark border, ends in a knob. The 
‘ pacinian coiT>usclos,’ which are best seen in the mesentery of the 
Cat, and are from l-15th to 1-lOth of an inch long, seem to be more 


developed forms of these * end-bulbs.’ 

683. For the sake of obtaining a general acquaintance with the 
Microscopic characters of these principal forms of Nerve-substance, 
it is best to have recourse to minute nerves and ganglia. The 
email nerves ^ich are found between the skin and the muscles o£ 
the back of the Frog, and which become apparent when the former 
3 f 2 
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is being stripped-off, are extremely* suitable for this purpose; but 
they are best seen in the Ifyla or ‘tree-frog/ which is recom- 
mended by Dr. Beale as being much superior to the common Frog 
for the general purposes of minute histological 'Investigation. If 
it be wished to examine the natural appearance of the nerve-fibres, 
no other fiuid should be lised than a little blood-serum; but if 
they be treated with strong acetic acid, a contraction of their tubes 
takes place, by which the axis-cylinders are forced-out from their 
cut extremities, so as to be made more apparent than they can be 
in any other way. On the other hand, by immersion of the tissue in 
a dilute solution of Chromic acid (about one part of the solid 
crystals to two hundred of water), the nerve-fibres are rendered 
firmer and more distinct. Again, the axis-cylinders are brought 
into distinct view by the staining-procesa (§ 2o2 a), being dyed much 
more quickly than their envelopes ; and they may thus be readily 
made-out by refiected light, in transverse sections of nerves that 
have been thus treated. The (jAatinom fibres are found in the 
greatest abundance in the Sympathetic nerves ; and their characters 
may be best studied in the smaller branches of that system. — So, 
for the examination of the ganglionic cells, and of their relation to 
the nerve-tubes, it is better to take some minute ganglion as a 
whole (such as one of the sympathetic ganglia of the Frog, Mouse, 
or other small animal), than to dissect the larger ganglionic masses, 
whose structure can only bo successfully studied by such as are 
proficient in this kind of investigation. The nerves of the orbit of 
the eyes of Fishes, with the ophthalmic ganglion and its branches, 
whicfi may be very readily got-at iu the Sk^.te, and of wliich the 
components may be separated without much difficulty, form one of 
the most convenient objects for the demonstration of the principal 
forms of nerve-tissue, and especially for the connection of neiwe- 
fibres and ganglion-cells. — For minute inquiries, however, into the 
ultimate distribution of the nerve-fibres in Muscles and Sense- 
organs, certain special methoiis must be followed, and very high 
magnifying powers must be employed. Those who desire to follow 
out this inquiry should acquaint themselves with the methods 
which have been found most successful iu the hands of the able 
Histologists whose works have been already referred to. 

684. Virculatiou of ihc Blood , — One of tjje most interesting 
Bpeotaclea that the Microscopist can enjoy, is that which is 
furnished by the Circulation of the Blood in the capillury blood- 
vessels which distribute the fiuid through the tissues it nourishes. 
This, of course, can only l>e observed in such parts of Animal 
bodies as are sufficiently thin and transparent to allow of the trans- 
mission of light through them, without any disturbance of their 
ordinary structure ; and the number of these is. very limited. The 
web of. the Frog’s foot is perhaps the most suitaole for ordinary 
purposes, more especially since this animal is to b^^ easily obtained 
xn i^ost every locality ; and the following is the simple arrange- 
ment preferred by the Author; — A piece of thin Cork is tobe 
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obtaineJ, about 9 incbes lon^ and 3 inches wide (such pieces are 

S ared by Cork-cutters, as soles), and a hole about IbHths of an 
in diameter is to be cut at about the middle of its length, in 
such a position fthat, when the cork is secured upon the stage 
this aperture may correspond with the axis of tlio ^licroscopo. 
The body of the Frog is then to bo folded in a piece of wet calico^ 
one leg being left froe> in such a manner ns to coiitine its move* 
meuts, but not to press too tightly upon its body ; atid l>eing then 
laid down near one end of the corK-plate, the fre (3 leg is to bo 
extended, so that the foot can be laid over the central aperture. 
The spreading-out of the foot over the aperture is to he accom- 
plished, either by passing pins tliroufjh the edge of the weh inb) the 
cork beneath, or by tying the emls ot the toes with thnvads b) pins 
stuck into the cork at a small <listanco from the aperture ; the 
former method is by far the least troublesome* ana it may be 
doubted whether it is really the soureo of more suffcTing to the 
animal than the latter, the confinement being obviously that 
which is most felt. A few turns of ta})e, carried httwclij aroun<l 
the calico bag, the prf»j<H‘ting leg, and the cork, serve to j[>revent 
any sudden start ; and wlnui all is secure, the cork-plate is to be 
laid down upon the stn-ge of the. Microscope, where a few more 
turns of the tape will serve to keep it in plac(*. ’'fhe web being 
moistened with water (a precaution whi<‘h should be re])eatod as 
often as the membrane exhibits tin* least appearance of dryness), and 
an adequate li^dit bning reflected through the wel) from the mirror, 
this wonderful Hj>ectacle is brought intr) view on the adjustment 
of the focus (a powe»of fr«»m 75 to lf)0 diameters being the most 
suitable for ordinary jmrposes), provided that no obstacle to the 
movement of tlio bloo«l bt* prcMlnccd ])y undue pressure upon the 
lx)dy or leg of the animal, it will not unfrecpiently be found, how- 
ever, that the current of bloo<l is nearly or altogetnor stagnant for 
a time ; this seems occasionally due to the aniinars alarm at its 
new position, wliich weakens or suHi*onds the action of its heart, the 
movement recommencing again after the lapse of a few minutes, 
although no change has been made in any of the extA^rnal condi- 
tions. But if the movement should not renew itself, the tajie which 
passes over the body should be slackened ; and if this do<*8 not 
produce the desired effect, the calico envelope also must be 
loosened. When everything has once been prop<irly cwliusted, the 
animal will often lie for hours without moving, or will only give 
an occasional twitch ; and even this may be avoided by pre* 
viously subjecting it to the influence of cnlorofonn, which may 
be renewed from time to time whilst it is under observation. — The 
movement of the Blood will be distinctly seen by that of its 
corpuscles (Fig. 478), which course after one another through the 
network of Capillaries that intervenes between the smallest arteries 
and the smallest veins ; in those tubes which pass most directly 
from the veins^ to the arteries, the current is always in the same 
direction; but in those which paes across between these, it may 
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not unfrequently be seen tliat tbe direction of tbe moyement 
changes from time to time. The larger vessels with which the 

Fio. 478. - 


h h 



Ottpillaiy Circuliitioa in a povtiou of thi>\vob (tf a Frotj'tt foot : — a, trunk of 
V(3iu ; 6, 6, its brauchos; c, c, pigmont-cells. 

capillaries are seen to be connected, are almost always veins, as 
may be known from the direction of the flolf of blood in them 
from the branches (6, h) towards their trnnks (a) ; the aiierics, 
whose ultiniatcj subdivisions discharge themselves into the capillary 
network, are for the most part restricted to the immediate borders 
t)f the toes.. Whem a power of 200 or 250 diameters is employed, 
the visible area is of course greatly reduced ; but the individual 
vessels and their contents are much more plainly seen : and it may 
then be observed that whilst the ‘ red* corpuscles (§ 665) flow at a 
very rapid rate along the centre of each tube, the * white’ corpuscles 
(§ 666) which are occasionally discernible, move slowly in the clear 
stream near its margin. 

685. The Circulation may also be displayed the tongue of the 
Frog, by laying the animal Q)reviou8ly chloroformed) on its back, 
with its head close to the hole in the cork-plate, and, after securing 
the body in this position, drawing-out the tongue with the for- 
ceps, and fixing it on the other side of the hole with pins. So, 
again, the circulation may be examined in the Imigs — where it 
affords a spectacle of singular beauty, — or in the 'inmerUery, of the 
living Frog, by laying open its body, and, drawing forth either 
organ; the animal having previously been made insensible by 
chloroform. The tadpole of the Frog, when 8uffi<^ently young, 
furnishes a good disTnay of the capillary circulation in its tail; 
and the difficulty of keeping it quiet durmg the observation may 
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be Gve^ome by gradually mixing some warm water with that 
m whicli it IS swmming, until it becomes motionless ; this usually 
happens when it has been raised to a temperature of between 
100 and llOJ^ ; qpid notwithstanding that the muscles of the body 
are thrown into a state of spasmodic rigidity by this treatment, 
the heart continues to pulsate, and the cii'culation is maintained.*** 
The larva of the W aier-'newty when it con be obtained, furnishes a 
most beautiful display of the circulation, both in its external gills 
and in its delicate leet. It may be enclosed in a large Aquatic^ox 
or in a shallow cell, gentle pressure being made upon its body, so 
as to confine its movements without stopping the heart s action. — 
The circulation may also be seen in the tails of small Fish, such as 
the minnow or the sticklvhacky by contining these animals in tubes, 
or in shallow cells, or in a large A(piatic-box ;t but although the 
extreme transparence of these parts adapts them well for this pur- 
pose in one respect, yet the comj)arative scantiness of their blood- 
vessels prevents them from being as suitable as the Frog’s web 
in another not less important particular. — One of tlie most beautiful 
of all displays of the circulation, however, is that which may be 
seen upon the ijolk-hag of young Fish (such as the ISalmon or 
Trout) soon after they have been hatched ; and as it is their habit to 
remain almost entirely motionless at this stage of their existence, 
the observation can be made with the greatest facility by means of 
the Zoophyte-trough, provided that the subject of it can be obtained. 
Now that the artiticial breeding of these Fish is largely practised 
for the sake of stocking rivers and tisli-poiuls, there can seldom bo 
much difficulty in j^'oeuring specimens at the proper period. The 
store of yolk which the yolk-bag supplies for the nutrition of the 
embryo, nut beiug e^chausted in the Fish (as it is in the ilird) 
previously to the hatching of the egg, this bag hangs-down from the 
belly of the httle creature on its cmersiou ; and continues to do so 
until its contents have been absorbed into the body, which does 
n(»t take place for some little time afterwards. And the blood is 
distributed over it in copious streams, partly that it may draw 
into itself fresh nutritive material, and partly that it may be sub- 
jected to the aerating influence of the surrounding water. 

bSG. The Tadpole serves, moreover, for the display, under proper 
management, not only of the capillary but of the general Circula- 
tion ; and if this Re studied under tne Binocular Microscope, the 
observer not only enjoys the gratification of witnessing a most 
.wonderful spectacle, but may also obtain a more accurate notion 
of the relations of the different parts of the circulating system 
than is otherwise po.ssible.J The Tadpole, as every Naturalist is 

• A special form of Live-box for tbe observation of living Tadpoles, 
contrived by F. JG. ScliuJtze, of R/^tock, is described and figured in the 
“ Q,uart. Joum. of Microsc, Science,” N.S., Vol. vii. (ISG7), p. 261. 

t A convenient 1 rough for this purpose is described in the “Quart, Joum. 
of Microsc, Science,” Vol. viL (lbd9), p, U3. 

} See Mr. Whitney's account of * * The Circulation in the TadiKfie," ia 
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aware, is essentiaHy a Fisli in the early period of its existoce, 
breathing by ^lls alone, and having its drcnlatii^ apparatus 
arranged accordingly : but as its limbs are developed and its tail 
becomes relativdy shortened, its Ixings are gra^^ally evolved in 
preparation for its terrestrial life, and the conrse of the blood is 
considerably changed. In the Tadpole as it comes forth from the 
egg, the gills are external, forming a pair of fringes hanging at the 
sides of the head (Plate xxiv., fig. 1) ; and nt the base? of these, 
concealed by opercula or gill-flaps resembling those of Fishes, are 
seen the rudiments of the internal gills, which soon begin to be 
developed in the stead of the preceding. The ext^yrnal gills reach 
their highest development on the fourth or fifth day after emersion ; 
and they then wither so rapidly (whilst being at the same time 
drawn-in by the growth of the animal), that by the end of the first 
week only a remnant of the right gill can be seen under the edge of 
the operculum (fig. 2, c), though the left gill (6) is somewhat later in 
its disappearance. Concurrently with this change, the 'wi/erwu? gills 
are undergoing rapid development ; and the beautiful arrangement 
of their vascular tufts, which originate from the roots of the 
arteries of the external gills, as seen at g, fig. 5, is shown in fig. 4, 
It is requisite that the Tadpole subjected to observation should not 
be so far advanced as to have lost its early transparence of skin ; 
and it is further essential to the tracing-out the course of the 
abdominal vessels, that the creature should have been kept without 
food for some days, so that the intestine may empty itself. This 
starving process reduces the quantity of red corpuscles, and thus 
renders the blood paler ; but this, although it ^akes the smaller 
branches less obvious, brings the circulation in the larger trunks 
distinct view. “ Placing the Tadpole on his back,’* says 
Whitney, “ we looh, as through a pane ot glass, into the chamber 
of the chest. Before us is the beating heart, a bulbous-looking 
most delicate transparent tissues, through 
which are seen the globules of the blood, perpetually, but alternately, 
entering by one orifice and leaving it by another. The heart 
(Plate xxiY., fig, 3, a) appears to be slung, as it were, between two 
a^s or branches, extending right and left. From these trunks {h) 
the main ar^ries arise. The heart is enclosed within an envelope 
or pericardium (r), which is, perhaps, the most delicate, and is, 
i certainly, the most elegant beauty in the creature’s organism. 
Its extreme fineness makes it often elude the eye under the single 
Microscope, but under the Binocular its form is distinctly revealed. 
Then it is seen as a canopy or tent, enclosing the heart, but of such 
extreme tenuity that its folds are really the means by which its 
existence is recognized. Passing along the course of the great 

•* Transact, of Microsc. Soo.,’* N.S., Vol. x. (18fi2), p. 1, and hia siibaeqnent 
paper ‘ On the Obanges which accompany the Metam(>ri>ho»is of the Tadpole’ 
in the same Transactions, Vol. xv., p. 48. — In the tiret of these Iferaoirs Mr, W. 
described the internal aa luuga, an error which he ocwTected in the 
•eooxui 
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vessels to the right and left of the heart, the eye is arrosted by a 
large oval body (c/) of a more complicated structure and dazzimg 
appearance. This is the in^raal gill, which, in the Tadpole, ia 4 
cavity formed jpf most delicate transparent tissue, traversed by 
certain arteries, and lined by a crimson network of blood-vessela, 
the interlacing of which, with their rapid currents and dancing 
globules, forms one of the most beautiful and dazzling exhibitions 
of vascularity,” Of the three arterial trunks which arise on 
each side from the trmime arterioeusi 6, the first, or 6, is 

distributed entirely to the head, running first along the upper edge 
of the gill, and giving o2 a branch,/, to the thick-fringed lip which 
surrounds the mouth; after which it suddenly curves upwards aud 
backwards, so as to reach the upper surface of the nead, where 
it dips between the eye and the brain. The second main trunk, h., 
seems to be chiefly distributed to the gill, although it freely com- 
municates by a network of vessels both with the first or eophalio 
and with the third or abdominal trunk. The latter also enters the 
gill and gives off branches ; but it continues its course ns a largo 
trunk, bending downwards and curving towards the spine, where it 
meets its fellow to form the nhilomlnal aorta, i, which, after 
giving-off branches to the alxlominal viscera, is continued as the 
caudal artery, k, to the extremity of the tail. The blood is 
returned from the tail by the caudal vtdn, I, which is gradually 
increased in size by its successive tributaries as it passes towards 
the alxlominal cavity ; here it aiipronches the kidney, m, and sends 
off a branch which encloses that organ on one side, while the main 
trunk continues it# course on the other, receiving tributaries from 
the kidney as it ]>a8ses. (This supply of the kidney by venous 
blood is a ])eculiarity of the lower Vertebrata.) The venous blood 
returned from the abdominal viscera, on the other hand, is collected 
into a trunk, p, known as the portal vein, which distributes it 
through the substance of tho liver, o, as in Man ; and after 
traversing that organ it is discharged by numerous fine channels, 
which converge towards tho great abdominal trunk, or vewa mva, n, 
as it passes in close proximity to the liver, onwards to tho sinus 
venoeus, q, or rudimentary auricle of tho heart. This also receives 
the jugular vein, r, from the head, which first, however, paasoa 
downwards in frojt of the gill close to its inner edge, and meets a 
vein, t, coming up from the abdomen, after which it turns abruptly 
in the direction of the heart Two other abdominal veins, n, meet 
and pour their blood tlirect into the sinus venosus ; and into this 
cavity is also poured the aerated blood returned from the ^11 by the 
branchial vein, v, of which only the one on the right side can be 
distinguished.— The lungs may be detected in a rudimentary state, 
even m the very young tadpole ; being in that stage a pair of 
minute tubular sacs, united at the upjir extremities, ana lying 
behind the jjiitestine and close to the spine- lliey may be oe^ 
brought into view bv immersing the tadpole for a few days in 
a weak solution of cnromic acid, whioh renders the tissne friable. 
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BO that the parts that conceal them may be more readily peeled 
away. Their mdnal enlargement may be traced during the period 
of the tadpole^s transparence ; but they can only be brought into 
view by dissection when the metamorphosis has bfen completed. 
The following are Mr. Whitney’s directions for displaying the 
Circulation in these organs ; — “ rut the young Frog into a wine- 
glass, and drop on him a single drop of chloroform. This suffices 
to extinguish sensibility. Then lay him on the back on a, piece of 
cork, and fix him with small pins passed through the web of each 
foot. Bemove the skin of the abdomen with a fine pair of sharp 
scissors and forceps. Turn aside the intcHtines from the left ^ side, 
and thus expose the left lung, which may now be seen as a glisten- 
ing transparent sac, containing air bubbles. With a fine camel- 
hair pencil the lung may now be turned-ont, so as to enable the 
operator to see a large part of it by franmiiftecl light. Unpin the 
frog, and place him on a slip of glass, and then transmit the light 
through the everted portion of lung. Kemember that the lung is 
very elastic, and is emptied and collapsed by very slight pressure. 
T’herefore, to succeed with this experiment, the lung should be 
touched as little as possible, and in the lightest manner, with the 
brush. If the heart is acting feebly, you Avill see simply a trans- 
parent sac, sha^ied according to the (quantity of air-bubbles it may 
Happen to contain, but void of red vascularity and circulation. 
But should the operator succeed in getting the lung well placed, 
full of air, and have the heart still beating vigorously, be will see , 
before him a brilliant picture of crimson network, alive with the 
dance and dazzle of blood-globules, in rapid chr of one anothe r 
through the delicate and living lace-work which lines the chamber 
of the lung.” The position of the lungs in relation to the heart 
and the great vascular trunks, is .shown in Plate xxiv., fig. 6. 

687. Injected Vreparatums, — Next to the Circulation of the 
Blood in the living body, the varied distribution of the Capillaries 
in its several organs, as shown by means of ' injections’ of colour- 
ing matter thrown into their principal vessels, is one of the most 
interesting subjects of Microscopic examination. The art of 
making successinl preparations of this kind is one in which perfec- 
tion can usnuily be attained only by long practice, and by atten- 
tion to a great number of minute particulars ; and better specimens 
may be obtained, therefore, from those who have made it a busi- 


ness to produce them, than are likely to be prepared by amateurs 
for themselves. For tliis reason, no more than a general account 
of the process will be here offered ; tlie minute details which need 
to be attended-to, in order to attain successful results, being readily 
accessible elsewhere to such as desire to put it in practice.* 


♦ See especi&Uy the article ‘Injectiou,' in the “ Micregraphic Dictionary;” 
M. Koblm's work, 'f* Du Microsco]^ et dee Iniections Prof. H. Frey’s Treatiee 
**Da8 MikroBkop und die Mikrosltopische Technik;” Dr. IV'ile’B “How to 
Work with the Microscope the “ Handbook to the Physiological Laboratory;** 
and Eutheiford’s and Schafer’s treatises on “ Practical Histology.** 
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Injections may be Qi^eiTopaqueoTtransparent^ each, method having 
its special advantages. The former is most suitable where solid form 
and inequaUties ^ surface are especially to be displayed, as in 
ihgs. 479 and^485 ; the latter is preferable where the injected 
tissue is so thin as to be transparent (as in the case of the retina 
and other membranes of the eye), or where the distribution of its 
blood-vessels and their relation to other parts may be displayed by 
sections thin enough to be made transparent by mounting either 
in Canada balsam or Dammar (Plate xxv.). — The injection is 
usually thrown into the vessels by means of a brass syringi^ 
expressly constructed for the purpose, which has several jot-pipea 
of different sizes, adapted to the different dimeiiaions of the vessels 
to be injected ; and these slxould cither be furnished with a stop- 
cock to prevent the return of the injection when the syringe is 
withdrawn, or a set of small corks of different sizes should be kept 
in readiness, with which they may be plugged. The pipe should 
be inserted into the cut end of the trunk wliich is to be injected, 
and should be tied therein by a silk thread. In injecting the 
vessels of Fish, Mollusks, &c., the softness of the vessels renders 
them liable to break in the attempt to tie them ; and it is therefore 
better for the operator to satisfy himself with introducing a pipe 
as large as he can insert, and’ with passing it into the vessel as 
far as he can without violence. All the vessels from which the 
injection might escape should be tied, and sometimes it is better 
to put a ligature round a part of the organ or tissue itself •, thus, 
for example, when a portion of the Intestinal tube is to be injected 
through its l)rancl»of the Meseiiteri(’. artery, not only should liga- 
tures be put round any divided vessels of the mesentery, but the 
cut ends of the inbjHtiiial tul)e should be firmly tied. For making 
those minute injections, however, which are uc(»ded for the purposes 
of anatomical investigation, rather than to furnish ‘ preparations’ 
to be looked-at, the Author has found the glass-Byriugo (r’ig. 106), 
so frequently alluded-to, the most efficient instrument ; since the 
Microscopist can himself draw its point to the utmost fineness 
that will admit of tlie passage of the injection, and can push this 
point without ligature, under the Simple Microscope, into the 
narrowest orifice, or into the substance of the part into which the 
injection is to bc^thrown. — Have in the cases in which the opera- 
tion has U) be practised on living animals, it should either be per- 
formed when the body or organ is as fresh as possible, or after the 
expiry of sufficient time to allow the rigor tuoriu to pass-off; the 
presence of tliis being very inimical to the success of the injection. 
The part should be thoroughly warmed, by soaking in warm water 
for a time proportionate to its bulk ; and the injection, the syringe, 
and the jpipes should also have l>ecn subjected to a temperature 
sufficiently high to ensure the free flow of the liquid. Tne force 
used in pre^mg-down the piston should be very moderate at first, 
but should be CTaduolly increased as the vessels become filled ; and 
it is better to heep up a steady pressure for some time, than to 
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attempt to distend them by a more powerful pressure, wbicb '^11 
be certain to cause extravasation. This pressure should main- 
tained* until the injection begins to flow from the large veins, 
the tissue is thoroughly reddened ; and if one syringeful of injec- 
tion after another be required for this purpose, the return of ^e 
injection should be prevented by stopping the nozzle of thejet-pipe 
when the syringe is removed for refilling. When the injection has 
bt^en completed, any openings by whicn it can escape should be 
secured, and the preparation should then be placed for some hours 
in cold water, for the sake of causing the size to ‘ set.’f 

688. For o'paqiie injections, the best colouring-matter, when only 
one set of vessels is to be injected, is Chinese vermilion. This, 
however, as commonly sold, contains numerous particles of far too 
large a size j and it is necessary first to reduce it to a greater fine- 
ness by continued trituration in a mortar (an agate or a steel 
mortar is the best) with a small quantity of water, and then to get 
rid of the larger particles by a process of * levigation,’ exactly cor- 
responding to that by wdiich the particles of coarse sand, Ac., are 
separated from the Diaioinacem (§ 300). The fine powder thus 
obtained, ought not, when examined under a magnifying power of 
200 diameters, to exhibit particles of any appreciable dimensions. 
The size or gelatine should be of a fine and 'pure quality, and 
should be of sufficient strength to form a tolerably firm jelly when 
cold, whilst quite limpid when warm. It should be strained, whilst 
hot, through a piece of new flannel; and great care should be 
taken In preserve it free from dust, which may best be done by 
putting it into clean jars, and covering its sufface with a thin 
layer of alcohol. The proportion of levigated vermilion to be 
mixed with it for injection, is about 2 oz. to a pint ; and this is to 
be stirred in the melted size, until the two are thoroughly incor- 
porated, after which the mixture should be strained through muslin. 
—Although no injections look so well by reflected light as those 
which are made with vermilion, yet other colouring substances may 
be^ advantageously employed for particular purposes. Thus a 
bright yeiiotc is given by the yellow chromate of lead, which is 
precipitated when a solution of acetate of lead is mixed with a 
solution of chromate of potass ; this is an extremely fine powder, 
which ‘runs* with great facility in an injection, and has the 
advantage of being very cheaply prepared. The ‘ best method of 
obtaining it is to dissolve 200 grains of acetate of lead and 105 

• Simplo mecbatiical arraDgements for tliie purpose, by which the fatigue 
of mamtaining this pressure with his band is saved to the operator, are 
described in the works referred-to in the preceding note. 

t The Kidney of a Sheep or Pig is a very advantageous organ for the learner 
to practi»e-on ; and he should first master the filling of the vessels from tbs 
arterial trunk alone, and then, when he has succeeded in this, he should fill the 
tubuli uriniferi with white injection, before sending coloured injection into the 
renal artery. The entire systemic circulation of small animals, rs Mice, Eats, 
Frogs, Ac., may be injected from the aorta ; and the pulmonary vessels from 
the pulmonary artery. 
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grains of cLromate of potass in separate quantities of water, to 
mix tLese, and then, after the subsidenco of the precipitate, to p:>ur- 
off the supernatant fluid so as to get-rid of the acetate of potash 
which it oont^ns, since this is apt to corrode the walls of the 
vessels if the preparation be hept moist. The solutions should be 
mixed cold, and the precipitate should not be allowed to dry before 
being incorporated with tne size, four ounces of which will be the 
proportion appropriate to the quantity of the colouring -substance 
produced by tne above process. The same materials may be used 
in such a manner that the decomposition takes-plaoe within the 
vessels themselves, one of the solutions being throwndn first, and 
then the other; and this i>roce88 involves so little trouble or 
expense, that it may be considered tlio lu^st for those who are 
novices in the operatiou, and who are desirous of perfecting them- 
selves in the practice of the easier methods, before attempting the 
more costly. By M. Doy^re, who first devised this method, it was 
simply recommended to throw-in saturated solutions of the two 
salts, one after the other ; but Dr. Goadby, who had much ex- 
perience in the use of it, advised that gelatine should be employed 
in the proportion of 2 oz. dissolved in 8 oz, of water, to 8 oz. of the 
saturated solutions of each salt. This method answers very well 
for the preparations that arc to bo mounted dry ; but for such as 
are to be preserved in fluid, it is subject to the disadvantage of 
retaining in the vessels the solution of acetate of potash, which 
exerts a gradual corrosive action upon them. Dr. Goadby has 
met this objection, however, by suggesting the substitution of 
nitrate for acetat%of lead ; the resulting nitrate of jHitash having 
rather a preservative than a corrosive action on the vessels. — ^When 
it is desired to inject two or more sots of vessels (as the arteries, 
veins and gland-ducts) of the same preparation, diflerent colouring 
Bubstauces should be employed For a white injection, the carbo- 
nate of lead (prepared by mixing solutions of acetate of lead and 
carbonate of soda, and pouring-off the supernatant liquid when the 
precipitate has fallen) is the best material. No blue injections can 
be much rwCmmeudcd, as they do not reflect light well, so that the 
vessels filled with them seem almost black ; the best is freshly 
precipitated prussian blue (formed by mixing solutions of persul- 
phate of iron and ferrocyanido of potassium), which, to avoid the 
alteration of its Colour by the free alkali of the blood, should be 
triturated with its own weight of oxalic acid and a little water, and 
the mixture should then be combined with size, in the proportion of 
146 izr*diis of the former to 4 oz. of the latter. , « • , 

689 Opaque injections may be preserved either dry or in fluid. 
The former method is well suited to sections of many solid organs, 
in which the disposition of the vessels does not sustain much 
Llteration by drying ; for the colours of the vessels are displa^red 
with greater brilliancy than by any other method, when such slices, 
after being well dried, are moistened with tuijientine and mounted 
^ Canada balsam, But for such an injection as that shown in 
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Fig. 479, in whicli the form and disposition of the intestinal vUU 
would be completely altered by drying, it is indispensable that the 

preparation should be mounted 
in fluid, in a (^11 deep enough 
to prevent any pressure on its 
surface. Either Goadby’s so- 
lution or weak Spirit answers 
the purpose very well ; or bv 
caret ul management even such 
may bo mounted in Canada 
balsam or Dammar. 

690. Within th| last few 
years, the art ofmaKing tram- 
parent Injections has been 
much cultivated, especially in 
Germany; and beautiful pre- 
parations of this description 
have been sent over from that 
country in large numbers. 
The colouring- matter chiefly 
employed is Carmine, which 
is dissolved in liquid ammonia ; 
the solution (after careful filtration) being added in the requisite 
amount to liquid gelatine. 

The following is given by Dr. Carter as a formula for a carmine injec- 
tion which will run freely through the most minute capillaries, and which 
will not tint the tissues beyond the vessels themsebtos, a point of ranch 
importance ; — Dissolve 60 grains of pure carmine in 120 grains of strong 
liquor ammoniie (Pliarm. Brit. ), and filter if necessary ; with this mix 
thoroughly 1^ oz. of a hot solutiou of gelatine (I to 6 of water) ; mix 
another 4 nz. of the. gelatine solution with 86 minims of glacial acetic 
acid ; and drop this, little by little, into the solution of carmine, stirring 
briskly the whole time. After the part has been injected, and has been 
hardened cither by partial drying or by immersion in the Chromic acid 
solution or in Alctmol, thin sections are cut with a sharp razor ; and 
these are usually dried and monnted in Canada balsam. 

Many of these transparent injections (Plate xxv.) are peculiarly 
well seen under the Binocular Microscope, whic^^ ehows the capil- 
lary network not only in two dimensions (length and breadth), but 
also in its third dimension, that of its thickness ; this is especially 
interesting in such injections as that (fig. 1) of the villi of the 
Intc^ine (seen m dtu in a transverse section of its tube), a thin 
section of the Mouse’s toe (fig. 2), or the convoluted layer of the 
Brain (fig. 3). The SteTOoscopic effect is best seen, if the light 
reflected through the olgect be moderated by a ground-glass, or 
even by a piece of tissue-paper, placed behind it. — ^This 
however, does not serve to display anything well, sav^the distribu- 
tion of the Oapillaiy vessels ; the structures they traverse being 
imperfectly shown. For the purpose of scientific research, therefore, 
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the method followed by Dr. Beale (for full details of which the 
reader is referred to his Treatise) is much to be preferred. 

The material recommended by him for the finest injections is prepared 
ae follows : — Mk 10 drops of the tincture of perchloride of iron (Pliarm. 
Brit. ) with 1 oz: of glycerine : and mix 3 grains of ferrocyanido of jx)ta8- 
sium, previously dissolved in a little water, with another 1 oa of glycerine. 
Add the first solution very gradually to the second, shaking them well 
together ; and lastly, add 1 oz. of water, and 3 drops of strong hydro- 
chloric acid This ‘ prussian blue fluid,’ though not a solution, deposits 
very little sediment by keeping ; and it appears like a solution even 
when examined under high magnifying powers, in consefjuenoe of the 
minuteness of the particles of the colouring matter. Where a second 
colour is required, a carmine injection may be used, which is to be pre- 
pared as follows : — Mix 5 grains of carmine with a few drop$ of water, 
and, when they are well incoqxirated, add al>out 5 drops of strong liquor 
ammonia*. To this dark re<i solution add about | oz. of glycerine, shaking 
the bottle so as to mix the two fluids thoroughly; and then very 
gradually pour in another oz, of glycerine acidulated with 8 or 10 drops 
of acetic or hydrochloric acid, freipiently shaking the *hottle. Test the 
mixture with blue litmus papier ; and mix with it another 4 oz. of 
glycerine, to which a few drops more acid should he added, if the acid 
reaction of the liquid should not have ])reviously been decided. Finally, 
add gradually 2 drachms of alcohol uroviously well mixed with 6 drachms 
of water, and inoor(K>rato the wuole by thorough shaking after th‘c 
addition of each successive i>ortiun. 

The sUiining process (§ 202imay ho combined with the injecting; but 
Dr. Beale has now come to prefer the following method, when such a 
combination i» desired. An alkaline carmine fluid rather stronger than 
that ordinarily empbyed (carmine 15 grs., strong liq, ammouiie ^ drachm, 
glycerine, 2oz., alcohol, 6 drachma) is first to be injected carefully with 
very slight pressure ; the ammonia having a tendency to soften the walls 
of the vessels. When they arc fully distended, the preparation is to be 
left for from 12 to 24 hours, in order that time may be allowed for the 
carmine liquid which has permeated the capillaries, to soak through the 
different tissues and stain the germinal matter fully. Next a little pure 
glycerine is to be injected, to get rid of the carmine liquid; and the 
Prussian blue fluid is then to be injected with the utmost care. When 
the vessels have been fully distended, the injected premration is to be 
divided into very small pieces ; and these are to be soaked for an hour 
or two in a mixture of 2 parts of glycerine and 1 of water, and then 
for three or four ^ays in strong glycerine acidulated with acetio acid 
(5 drops to 1 oz.). Preparations thus made are best mounted in 
Glycerine jelly ; and may then be examined with the highest poweri of 
the Microscope. 

A well-injected preparation should have its vessels completely 
filled through evety part ; the particles of the colouring matter 
should be so closely compacted together, that they should not be 
distinguishable unless carefully looked for ; and there should be no 
patches of pale uninjected tissne. Still, although the beauty of a 
speoimeii, eu a Microscopic object, is much impaired by any 
deficiency in the filling of its vessels, yet to the Anatomist the 
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dispositioB of the vessels will be as apparent when, they are only filled 
in part, as it is when they are fully distended ; and in thin lections 
mounted as transparent objects, imperfectly injected capillaries may 
often be better seen than such as have been completely filled. 

691. A relation may generally be traced betweon%he disposition 
of the Capillary vessels, and the functions they subserve; but 
that relation is obviously (so to speak) of a mechanical kind; 
the arrangement of the vessels not in any way determining 
the function, but merely administering to it, like the arrange- 
ment of water- or gas-pipes in a manufactory. Thus in Fig. 480 
we see that the capiUanes of adipose substance are disposed in a 
network with rounded meshes, so as to distribute the blood among 
the Fat-cells (§ 674) ; whilst in Fig. 481 we see the meshes enor- 
mously elongated, so as to permit the Muscular fibres (§ 677) to 
lie in them.^ Again, in Fig. 482 we observe the disposition of 
the Capillaries around the orifices of the follicles of a Mucous 

Fio. 480. Fiu. 481. 



Capillar}’ network around Fat-ci'lU, Capilluiy network of Muscle. 

mombrane; whilst in Fig. 4S3 we see the looped arrangement 
which exists iu the papUlary surface of the Skin, and which is 
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Fm. 483. 



Distribution of Capillaries in 


DUtribatiou of Capillaries in 
Skin {^'Finger. 



»ub«enrient to the nutrition of the epidermis and t. the activity 
of the aeasory nervee {§ 082). ^ 






CAPILLARIES OP RESPIRATORY ORGANS, SI7 

692. In no part the Circtilatmg apparatus, hoircTer, 
the dkpositiou of the capillaries present more points of interest, 
than it does in the Bespiratoiy organs. In Fishes the respiratory 
surface is forn^d by an outward extension into fringes of 
each of which ^consists of an 

arch with straight laminre Fio, 4S1 

hanging down from it; and 
every one of these laminas 
(Fig. 484) is famished with a 
double row of leailets, which is 
most minutely supplied with 
blood-vessels, their network 
(as seen at a) being so close 
that its meshes (indicated by 
the dots in the figure) cover 
less space than the vessels 
themselves. The gills of Fish 
are not ciliated on their sur- 
face, like those of Mollusks 
and of the larva of the Water- 
JiTewt; the necessity for such 
a mode of renewing the fiuid 
in contact with them being 
superseded by the muscular 
apparatus with which their 
gill-chambcr is furnished. — 

But in Reptiles thecespiratory 
surface is formed by the walls 
of an internal cavity, that of 
the lungs: these organs, how- 
ever, are constructed on a plan 
very different from that which 
they present in higher Verte- 
brata, the fjreat extension of 
surface which is effected in 
» the latter by the minute sub division of the cavity not being 
here necessary. In the Frog (for example) the cavity of each 
lung is undivid^; its walls, which ajro thin and membra- 
nous at the lower part, there present a simple smoc^h ex* 
{mnse; and it is only at the upper part, where the exten*^ 
sions of the tracheal cartilage form a network over the inte- 
rior, that its surface is depressed into sacculi, whose 
lining is crowded with blood-vessels (Fig. 485). In th^ 
manner a set of air-cells is formed in the thickness of the 
upper wall of the lung, which communicate with the general 
cavity, and very much increase the surface over which 
Mooa comes ^to relation with the air; but each air-oell has 
a capillary network of its own, which lies on one side against 
its wall, so as only to be exposed to the air on its tree 
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Interior of upper part of Lung qf Frog, 


the Snake the eame general 
ginous reticulation of its upper 
part projects much furtlieT 
into the cavi^» and enckMies 
in its meshib (which are 
usually square, or nearly so) 
several layers of air-oells, 
which communicate, one 
through another, with the ge- 
neral cavity. — ^The structure 
of the lungs of Birds present 
us with an arrangement of 
a very different kind, the 
purpose o£ which is to ex- 
pose a very large amount of 
capillary surface to the influ- 
ence of the air. The entire 
mass of each lung may be 
considered as subdivided 
into an immense number of 


* lobules* or ‘ lunglets* (Fig. 
486, »), each of which has its own bronchial tube (or suMivision of 
the windpipe), and its own system of blood-vessels, which have 
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Interior jsiractu ft* of Lung <g'Foitl, as di»playod by a section, 

A, pajjsiug in the di motion of a bronchial tube, and by another 
eectlou, », cutting it across. 

very little communication with those of other lobules. Each lobule 
has a central cavity, which closely resembles that of a Frog’s lung 
in miniature, having its walls strengthened by a network of cartOage 
derived from the bronchial tube, a, in the interspaces of which are 
open^s leading to sooculi in their substance. But each of these 
cavitiee is surrounded by a solid plexus of blood-vessels, which does 
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not seem to be covered by any limiting membrane, but wbioli 
adnute air from the central cavity freely Iwtween its meshes j and 
thus its capillaries are in 
immediate relation with 
air on all side^ provision 
that is obviously very 
favourable to the com- 
plete and i*apid aeration 
of the blood they contain. 

— In the lung of Man 
and Mammals, again, the 
plan of structure differs 

the general effect of it is 
the same. For its whole 
interior is divided-up into 
minute air-cells, which 
freely communicate with 
each other, and with the 
ultimate ramifications of 
the air-tubes into which 
the trachea subdivides ; and the network of blood-vessels (Fig. 487) 
ia so disposed in the partitions between these cavities, that the 
blood is exposed to the air on both sides. It has been calculated 
that the number of these air-cells grou^>ed around the termination 
of each air-tube in Man is not less than 18,000 ; and that the total 
number in the entg’e lungs is six hundred millions. 

693. The following list of the parts of the bodies of Vertebrata,. 
of which injected preparations are most interesting as Microscopic 
objects, may be of service to those who may be inclined to apply 
themselves to their production. —uliOnc-Hfary Cauul; stomach, 
showing the orifices or the gastric follicles, and the rudimentary 
villi near the pylorus ; small intestine, showing the villi and tlie 
orifices of the follicles of Lieberkiihn, and at its lower part the 
Peyerian glands; large intestine, showiim the various glandular 
follicles : — Itespiraionj Organs ; lungs ot Mammals, Birds, and 
Reptiles ; gills and swimming-bladder of Fish : — Qlfindular Organs ; 
liver, gall-biaddenkidney, parotid : — Generative Organs ; ovary of 
Toad ; oviduct oFBird and Frog ; Mammalian placenta ; utenne 
and fmtal cotyledons of Ruminants Organs of Sense ; retina, iris, 
choroid, and ciHary processes of eye, pupillary membrane of foetus ; 
papillae of tongue : mucous membrane of nose, papillae of skin ox 
finger i — Tegumentary Organs ; skin of different parts, bairy emd 
smooth, with vertical sections showing the vessels of the hair^fol- 
Holes, sebaceous glands, and papilko : matrix of nails, hoofs, dtc. 

fibrous, muscular, adipose, sheath of tendon — 
sections of brain and spin^ cord. 
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CHAPTEE XXI. 

AWUCATIOX Of THE MICROSCOPE TO GEOLOGICAL INVESTIGATION. 

694. The utility of the Microscope is hy no means limited to the 
determination of the stmcturo and actions of the Organized beings 
at present living on the surface of the Earth ; for a vast amount 
of mformatiou is afforded by its means to the Geological inquirer, 
not only with regard to the minute characters of the many 
Vegetable and Animal remains that arc entombed in the sncces* 
sive strata of which its crust is composed, but also with regard to 
the essential nature and composition of many of those strata them- 
selves. — We cannot have a better example of its value in both 
these respects, than that which is afforded by the results of Micro- 
scopic examination of Vcfnite or fossilized wood, and of ordinary 
roa7, which we now assuredly know to be a prodact of the decay of 
wood, 

69D, Specimens of fof^HiJh.ed woody in a state of more or less 
complete preservation, are found in numerous strata of very dif- 
ferent ages, — more frequently, of course, in those whose materials 
were dir^ly furnislied by the dry land, and were dejwsited in its 
immediate proximity, than in those which were formed by the 
deposition ot sediments at the bottom of a deep ocean. Generally 
speaking, it is only wh^p the wo<5d is found to have been pene- 
ti^ted by that its organic structure is well preserved ; but 
instanoea occur every now and then, in which penetration by 
mrbmiate of Urm has proved equally favourableir In either case, 
transparent sections are needed for the full display of the organic 
aation j but such sections, though made with great facility when 
lime is the fossilizing material, require much labour €ina skiH 
when silex has to be dealt with. Occasionally, however, it haa 
happened that the infiltration has filled the cavities of the cells and 
t’essels, without consolidating their walls ; and as the latter have 
lindergone decay without being replaced by any cementing mate^ 
Viil, the lignite, thus composed of the internal * caste’ of ihe woody 
tissues, is very friable, its fibres separa^ng from ea^ other like 
those of asbestos ; and laminm split asunder with a knim, or isolated 
fibres separated by rubbing-down between the fingers, exhibit the 
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^cUaracters of the woody utmcture extremely well, when motmtedin 
(^mada balsam. — Generally speaking, the lignites of the Tertiary 
etmta present a tolerably close resemblance to the woods of the 
existing period t thus the ordinary structure of dicotyhdomm and 
'iii-onocoiyhdoiif)U8 stems may be discovered in such liguites in the 
utmost perfection; and the p^uliar modification presented by 
coniferous wood is also most distinctly exhibited (Fig. 259), As we 
go back, however, through the strata of the Secondary period, we 
more and more rarely meet with the ordinary dicotyledonous struc* 
ture ; and the lignites of the earliest de}x>Bits of these series are, 
almost universally, either Gymnosperms* or Palms. 

696. Descending into the Palfoozoic series, we are presented in the 
vast coal formations of our own and other countries with an extra- 
ordinary proof of the prevalence of a most luxuriant vegetation in 
a comparatively -early period of the world’s history ; and the Micro- 
scope lends the Geologist essential assistance, not only in deter- 
mining the nature of much of that vegetation, but also in domon- 
fltrating (what had been suspected on other grounds) that Goal 
itself is nothing else than a mass of decomposed vegetable matter, 
derived from the decay of an ancient vegetation. The determina- 
tion of the characters of the Farns^ Hiyillario', Lepithdenthu, Gala* 
iiilteSf and other kinds of vegetation whose forms are preserved in 
the shales or sandstones that are interposed between the stmta of 
Goal, has been hitherto chiefiy based on their external characters ; 
since it is seldom that these specimens present any such trao^ 
of minute internal structure as can bo subjected to Microscopic 
elucidation. Butkpersevering search has recently brought to light 
numerous examjdes of Coal-plants, whose internal structure is 
sufficiently well preserved to allow of its being studied micro- 
scopically : and the careful researches of Prof. W. 0. Williamson 
have shown that they foimed a series of connecting links between 
Cryptogamia and flowering plants; being obviously allied to 
Eqi(.isetaci^,au Lycopodiacemt in the character of their fructi- 
fication, whilst their stem-structure foreshadowed both the * endo- 
genous’ and ‘ exogenous’ types of the latter. t Notwithstanding 
the general absence of any definite form in the masses of decom- 
pose wood of which Coal itself consists (those having apparently 
been reduced to ^ pulpy state by decay, before the process of con- 
solidation by pressure, aided jierhap by heat, commenced), the 
traces of sinteture revealed by the Microscope are often sufficient — 
especially in the ordinary * bituminous’ coal~not only to determi^ 
its vegetable origin, but in some cases to justify the Botanist in 
assigning the character of the vegetation from which it must have 
been derived ; and even where the stems and leaves are represented 
by notiling else than a structureless mass of black carbonaoeotift 

♦ Under this head are included the Cycadexc^ along with the ordinary ConU 
fern or pine fir tribe. 

f See his succession of Memoirs on the Coal-Plants, in the recent volumes 
of the " ‘ Philosophical Transactions,^' 
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thar© are found diffused through this a multatude of minute 
insinoid yellowish-brorn granules, whicli are sometimes aggregated 
in dusters and enclosed in sacculi; and these may now pretty* 
certainly affirmed to represent tbe sporee^ while tne sacculi repre- 
sent the epormigiat of gigantic I/ycopodiacem (§ 3lb) of the Car- 
boniferous I’lora. The larger the proportion of these granules, 
the brighter and stronger is the ffame with which the coal burns ; 
thus in some blazing cctnnel-coals they abound to such a degree as 
to make up the greater proportion of their substance ; whilst in 
mkthracUe or * stone-coal/ the want of them is shown by its dull 
and slow combustion. It is curious that the dispersion of these 
r^iuoid granules through the black carbonaceous matter is some- 
times so regular, as to give to transparent sections very much the 
aspect of a section of vegetable cellular tissue, for whicn they have 
been mistaken even by experienced microscopists ; but this resem- 
blance disap|>oara under a more extended scrutiny, which shows it 
to be altogether accidental. 

697. In examining the structure of Coal, various methods may 
be followed. Of those kinds which have sufficient tenacity, thin 
sections may be made i but the opacity of the substance requires 
that such sections should be ground extremely thin before they 
become transparent ; and its fiiability renders this process one of 
great difficulty. It may, however, be facilitated by using Marine 
Glue, instead of Canada balsam, as the cement for attaching the 
smoothed surface of the coal to the slip of glass on which it is 
rubbed-down. Another method is recommended by the authors of 
the “ Micrographic Dictionary” (2nd edit., p. IJB) The coal is 
macerated for alK)ut a week in a solution of carbonate of potass ; at 
the end of that time, it is j>OKsible to cut tolerably thin mices with 
a razor. These slices are then plact^d in a watch glass with strong 
nitric acid, coveri‘d, and gently heated; they soon turn brownish, 
then yellow, when the process must be aiTcsted by dropping the 
whole into a saucer of cold water, or else the coal would be dis- 
solved. Tlie slices thus treated appear of a darkish amber-colohr, 
very transparent, and exhibit the structure, when existing, most 
clearly. We have obtained longitudinal and transverse sections of 
Coniferous wood from various coals in this way. The specimens are 
best preserved in glycerine, in cells ; we find t^jat spirit renders 
them opaque, and even Canada balsam has the same defect,**— 
When the coal is so friable that no sections can be made of it by 
eith^ of these methods, it may be ground to fine powder, and the 
parrides **^y. then, a^r being mounted in Canada Udsam, be 
subjected to Microscopic examination: tlie results which this method 
affi^s are by no means satisfactory in themselves, but they will 
oftesn enable the organic structure to be sufficiently determined, by 
the comparison of the app^rances presented by such fragmente 
with tho^ which are more distinctly exhibited elsewh^. Yaluahle 
information nmy often be obtainea, too, by. treating the ash of an 
ordinary ooal-fire in the same manner, or (still better) by burning 
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to a wHte ash a speciinen of coal that be<m previoualy hoM 
fti nitric acid, and then careftOly monniing tli© in Canada 
bals^ ; for mineral * casta* of vegetable cells and fibres may often 
be distinctly recognized in such aab ; and sucb caste are not nnfr^ 
qnently best afforded by samples of coal in which the method 
of sec&on is feast successful in bringing to light Ube traces of 
organic structure, as is the case, for example, with the anthracite 
of Wales. 

698. Passing on now to the Animal kingdom, we shall first cite 
some parallel cases in which the essential nature of deposits Hiat 
fora a very important part of the Earth*B crust, has been deters 
mined by the assistance of the Microscope ; and shall thp sele^ a 
few eiamples of the most important contributions which it has 
afforded to our acquaintance with types of Animal life long since 
extinct. —It is an admitted rule in Geological science, that the past 
history of the Earth is to be interpreted, so far as may bo found 
possible, by the study of the changes which are still going os. 
Thus, when we meet with an extensive stratum of fossilized DiatiJ- 
macem (§ 299) in what is now dry land, we can entertain no doubt 
that this siliceous deposit originally accumulated either at the 
bottom of a fresh-water lake or oeneath the waters of tbo ocean ; 
just as such deposits are formed at the present time by the produc- 
tion and death of successive generations of these bodies, whose 
indestructible casings accumulate in the lapse of ages, so as to fora 
layers whose thickness is only limited hy the time during which 
this process has been in action (§ 298). In like manner, when wer 
meet >vith a Limestone-rock entirely composed of the calcareous 
shells of Foramimfera, some of them entire, others broken up into 
minute particles (as in the case of the FundlnaAimeBionB of the 
Carboniferous period, § 485, and the limestone of tM 

Eocene, § 489), we interpret the phenomenon by the fact that the 
dredgings obtained from certain parts of the ocean-bottom consist 
almost entirely of remains of existing Foraminifera, in which entue 
shells, the animals of which may be yet alive, arc mingled with the 
dchrU of others that have been reduced by the action of the waves 
to a fragmentary state. Such a deposit, consisting chiefly of Orhi* 
toUient § 466, is at present in the act of formation on certain parte 
of the shores of Australia, as the Author was informed by Hr. J. 
Beete Jukes ; tlfbs affording the exact parallel to the strattra of 
Orbitolites (belonging, as his own investigations have led him to 
believe, to the very same species), that forms part of the * calc^m 
grossier* of the Paris basin. So in the fine white mud which is 
brought up from almost every part of the sea-bottom of the Levant, 
where it forms a stratum that is continually undergoing a 
steady increase in thickness, the Micro^pic researches of Prof. 
Williaizison* have shown, not only that it contains multitudes oi 
fantTite remains of living organisms, both Animal and Vegetable, 
but that iteis entir^y or almost wholly composed of such temaiiis. 

♦ ** ICsmdfS of tke Hsuchester Literary and Philosopklcsl Society,” Vch vfl. 
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Amongst thdso wera about 26 species of Diatomacese (siliceous), 8 
species of Foraminifera {calcareous), and a misceilaneous gjroup oi 
objects (Fig. 488), coasisfeiug of calcareous and siliceous spicules of 



Micpoacopk Orp^amsius in J>iYml *Vtw/— a, d, siliewins 
Epicul&A of T^ikyat B, H, 8pi<nil^8of GfOihn, c, nponp^t ogptoulo 
(unknown) f *, calcareous spiculo of HranUa} r, o, m. o, por- 
tions of cnjcsrpous skolctonof Kainodftnuttti , m, i, oUcareoiw 
spicttlo of K, 1 , N. sihcftous 8picul(*«of JJaluMondriaf 

P, portuin of prismatic layer of shell of Pinwu 

uud GorgouisB, and fragments of the calcareous skeletons 
of Bemaoderms and MoUusks. A collection of forms ntrongly re- 
semWiag that of the Levant mud, with the exception of the si uoeous 
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^iatom^ess, is found in many parts of the * colcaire fftossier* of 
the Pans hasin, as well as in other extensive deposits (3 the same 
eanrty Tertiary period. 

6^. It is, however, in regard to the great Oialk Formation, that 
the u^ormation afforded by the Microscope has been most valualdeu 
Mention has Aready been made (§ 480) of the fact that a large 
proportion of the North Atlantic sea-bed has been found to oe 
covered with on^ ‘ ooze’ chiefly formed of the shells of Qlohigcrinm ; 
and this fact, first determined by the examination of the small 
quantities brought up by the sounding apparatus, has been fully 
confirmed by the resiuts of the recent exploration of the Deep-sea 
with the dredge ; which, bringing up halt a ton of this deposit at 
once, has shown that it is not a mere surface-film, but an enormous 
m^s whose thickness cannot be even guessed at. “ Under the 
Microscope,” says Prof. WyVille Thomson* of a sample of 1 J cwt. 
obtained by the dredge from a depth of nearly three miles, the 
surface-layer was found to consist chiefly of entire shells of OlohU 
l/erina hidloideSy large and small, and of fragments of such shells 
mixed with a quantity of amorphous calcareous matter in fine 
particles, a little fine sand, and many snicules, portions of spicules, 
and shells of Radiolaria, a few spicules of Sponges, ana a few 
frustules of Diatoms, lielow the surface-layer the sediment be- 
comes gradually more compact, and a sbght grey colour, due, pro- 
bably, to the decomposing organic matter, becomes more pronounced, 
while perfect shells of (ibmigerina almost disap|>ear, fragments 
Ix^come smaller, and calcareous mud, structureless, and in a fine 
state of division, is in greatly preponderating proportion. One 
can have no doubt, %n examining this sodiment, that it is formed 
in the main by the accumulation and disintegration of the shells of 
Globigerina ; the shells fresh, whole, and living, in the surface- 
layer of the deposit ; and in the lower layers dead, and gradually 
crumbling down by the decomposition of their organic cement, and 
by the pressure of the layers above.” This white calcareous mud 
also contains in large amount the ‘ coccoliths’ and ‘ coccospheres’ 
formerly described (§ 4^>>y). — Now the resemblance whicn this 
Globigerina-mud, when (hied, bears to Chalk, is so close as at once to 
suggest the similar origin of the latter ; and this is fully confirmed 
by Microscopic examination. For many samples of it consist in 
great part or the^nuter kinds of Foraminifera, esiiecially QlohU 
[f&rinm (Figs. 489, 490), whose shells are imbedded in a mass of 
apparently amorphous particles, many of wliich, nevertheless, 
present indications of being the worn fragments of similar slmlls, or 
of larger calcareous organisms. In the Chalk of some localities, the 
disintegrated prisms of Fmna (§ 563), or of other large shells of the 
like structure (os hioceramtts), form the great bulk of the r^^ognhs- 
able components; whilst in other cases, again, the chief part is made 
up of the shells of C^lwrina^ a marine form of Entomosiraootis 
Crustacean (j 604). Different specimens of Chalk vaiy greatljr in 
* “ The D«*pth8 of the Sea," p. 410. 
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tlie mMth the diela&cily otpiade wm^iM hevar to tl^ 

iKmotphotis midutim, and which the diUmat Icmda ol the pxem&c 
bear to each other; and this is quite what might he anticipate 
when we hear in mind the predomlnsince of one or another tdhe 
dt Animiils in the several parts of alarge area ; bat|t may be fairly 
csonclnded from what has been already stated of %e amorphous 

,489. 



Microscopic Oi^ranisnis in CAnJUfcfrom OravcBend; — n, b, c, il, 
TextulATis globiiloBft t Rotalia aspra; /, Textularia 

aouleata; ff, l*lai»«laria hexas; h, Naviciiia* 

componeait of the Globigerina-mnd, that the amcSphotis constitaent 
id Cwlk likewise is the disintegrated residuum of Foraminiferal 
further, the Globigenna-mud now in process <d forma- 
tion is in some places literally crowded with Singes having a 
complete $iUcemm skeleton (§ 511); and some of them bear such an 
extr^rdinarily close resemhl^ce, alike in structure and in external 
form, to the Venirindite$ which are well known as Cbalk-lossils, as 
to leave no reasonable doubt that these also lived as sihoeous 
sponges on the bottom of the Cretaceous sea. Other sponges, also, 
are mmd in the Globigerina-mud, the structure ofSrhose homy 
skeleton corresponds so closely with the sponge-^bsuee which <mu 
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rac^gmssed in mMxmn of nodnto Mints, Suckt m to 

zo&ice it clear— wKen taken in connection 'wiili ocrmpcmdianee of 
external lorm— that snch flinta are reallT foaailixed apongea, tke 
ailimfying material kaTing been famished by the eolation of the 
sk^etons sUiceons sponges, or of deoosite of Diatomii or 

Badiolaiia. Flrther, in many sections of Flints there are found 
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Microseopic OiganiHtnfl in Chalk from Moadon ; seen parUy as opaque, 
and ]>artly aa traii{^ro&t objects. 

minute IxMlies termed Xa/tifhidia, which bear a strong 
to the sporangia of certain Be^midiacm (Fig. 168, n) ; and the 
Author has founa similar bodies in the midst of what appears to 
be 8ponge*tis8uo imbedded in the Globigerina-mud. And (as was 
first pointed out by Mr. Sorby) the coccoliths and coocospheres ai 
present found on the sea-bottom {§ 409), are often to be discovered 
by the microscopic examination of Chalk.f — ^All these oorre- 
iimondences show that the formation of Chalk took place uimer oo^ 
mtions essentially similar to those under which the deposit ot 

* See Dr. Bowerbaxik’s Xemoira i» the ” Transact, of the Goolog. i 
1840, tod in th# Arm. of Nat. Hist." l»t Ser„ Vols. ’pt, *. - « * » 

t On the Organic or^n of the so-ctlled OrTStalloids of Chslk; lU Aon* 
Of Not fikt,” S«r. 3, YoL viU. (186X), pp. 193-fOO. 
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700* In examining Chalk or other similar mixed a^p^gati^ 
whose oomponent particles are easily separable from each oSier, it 
is desirable to separate, with as little trouble as poisible, the larger 
and more definitdy organized bodies from the milute amorahous 
particles ; and the mode of doing this will depend upon whether we 
are operating upon the large or upon the small scale. If the former, 
a quantity of soft Chalk should be rubbed to powder with water, 
by means of a soft brush ; and this water should then be proceeded 
with according to the method of levigation already directed for 
separating the Diatomacea) (§ 300). It will usually be found that 
the first deposits contain the larger Foraminifcra, fragments of 
Bhell, and that the smaller Foraminifcra and Sponge-spicules 
fall next ; the fine omorihous particles remaining diffused through 
the water after it has been standing for some time, so that they 
may bo poured-away. The organisms thus separated should be 
dried and mounted in Canada balsam. — If the smaller scale of pre- 
paration be preferred, as much Chalk scraped fine as will lie on the 
point of a knife is to be laid on a drop of water on the glass slide, 
and allowed to rem^n there for a few seconds ; the water, with any 
particles still floating on it, should then be removed ; and the 
sediment left on the glass should be dried and mounted in Bal- 
sam. — For ex^iuing the structure of Flints, such chips as may 
be obtained with a hammer will commonlv serve very : a clear 
translucent flint being first selected, and the chips that are obtained 
being soaked for a short time in turpentine (^ich increases their 
traus|)arenco), those wldeli show organic structure, whether Sponge- 
tissue or Xanthidia, are to be selected and mounted in Canada 
balsam. The most i^rfect specimens of Sponge-structure, how- 
ever, are only to be obtained by slicing and polishing, — a process 
which is best performed by the lapidary. 

701. There are various other deposits, of loss extent and import- 
ance than the great Chalk-formation, which are, like it, composed in 
great part of Microscopic organisms, chiefly minuU* Foraminifera ; 
and the presence of animals of this group may be largely recognized, 
by the assistmice of this instrument, in sections of Calcareous 
rocks of vanouB dates, whose other materials were fragments of 
Corals, Encrinite-stems, or the shells of Mollusfs. In the forma- 
tion of the GoraUine Crag* (Tertiary) of the eastern coast of Eng- 
ird, Polyxoarm (§.548) had the greatest share ; but the Tertiary 
limestone of which Pans is chiefly built consists almost exclusively 
of the shells of MUioluiu (§ 462), and is thus known as Miliohte 
(miUetr-seed) limestone. In the vast stratum of Nummuiitic lime- 
stone (Fig. 333), which was formed at the commencement of the 
TertiiiOT period, the AHcroscoiTHJ enables us to see that the matrijs 
m whnm the la^ entire Nnmmulitea are embedded, is itself com- 
posed of oomminttted fragments and young of the s&me, together 
with minuter Foraminifera. In the Oolitic (Secondary) fonzmtkm. 
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a|Qm, tliere mai>j Wb wUoh are shown by ICIorofiixm to 
hnvo been chiefly oomposed of Foraminiferal ehella ; end in &ose 
portions which exhibit ihe ‘roe-stone* arrangement from which 
the roclc derives its name (snch as is beautifully displayed in 
many spemmengof Bath-stone and Portland-stone), it is found by 
Microscopic exaliination of transparent sections, that each rounded 
concretion is co^osed of a series of concentric spheres formed by 
successive calCWCous deixisits upon a central nucleus^ which, 
nucleus is often a Foraminiferal shell. In these and similar calca- 
reous formations, the entire materials of which were obviously fur- 
nished by the accumulation of animal remains, it not unfrequontly 
happens that all traces of their origin are obliterated W local 
‘metamorphic’ action usually dependent upon neighbouring Volcanic 
heat ; and thus a crystalline marble, whoso particles present not the 
least evidence of organic arrangement, may have been formed by the 
metamoq)hosi8 of Chalky, Oolitic, or Nummulitic limestone. Now 
there is very strong evidence that the vast mass of sub-crystalline 
‘ Carboniferous’ limestone, which forms our coal-basins, has had a 
similar origin in Foraminiferal and Zoophytic life ; the traces of 
which have been for the most part removed by the motamorphic 
action mvolve<i in its upheaval. For where it has sustaiued but little 
disturbance, the evidences of its organic (chiefly Foraminiferal) origin 
are unmistakable. Thus in the great plains of Biissia, there are oer-* 
tain bands of limestone of thi8ej>och,varyingin thickness from fifteen 
inches to five feet, and frequently repeated through a vertical depth 
of two hundred feet over very wide areas, which are almost entirely 
composed of the exlinct genus Fasnlityi (Fig. 331). Again, those 
parts of the Carboniferous limestone of Ireland which have under- 
gone least disturbance, can be plainly shown, by the examination of 
Microscopic sections, to consist of the remains of Foraminifcra, 
Polyzoa, fragments of Corals, &c. And where, as not unfrequently 
happens, beds of this limestone are separated by clay seams, these 
are found to be loaded with ‘ Microzoa’ of various kinds, particularly 
For amini fora (of which the Hocramiva, Fig. 319, a, has come 
down to the present time), and the beautiful Polyzoaries known 


702. Mention has been already made (§ 487 note) ol Prof. Bhrett" 
berg’s very remarkable discoveij, that a‘>rge proportion (to say 
the least) of the green eande which present tbemi^lves in vanous 
stratified deposits, from the Silurian epoch to the T^ory period, 
and which in' certain localities constitute what is known a» m 
Qteensand formation (lieneath the Chalk), is compos^ of the 
of the interior of minute shells of Foraminifera and ^llusc^ the 
shells themselves having entirely disappear^, pie mineral 
material of these casts has not merely filled the cham^ and 
their communicating passages (Fig. 3*28, a, b), but has 
trat^« even to its minutest ramifications, the caual-system ^ the 
intermediate ^skeleton (Figs, 332, 337). The prerase p ar allel to 
these deposits presents itself in certain spots of the existmg 
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bottom, suck as Ike Agulkas bank near tke Cape of Good Hop^; 
whw dredge comes up laden with a ^een sand, which, on 
microscopic examination, proves to consist almost entirely d 
‘ internal casts’ of existing Foraminifera, that must have been 
formed by the chemical replacement of their protoplasmic bodies 
by ferruginous silicates precipitated from the ^a-wator. And 
this fact gives the clue to the interpretation of the conditions under 
which the * Eoxoic Limestone’ of Canada (§ 497), formed on the 
sea-bottom of the Lanrentian epoch hy the extension of continuous 
Foraminiferal tfrowth resembling a Coral reef, became interpene- 
trated with a like deposit of green silicate of magnesia (serpentine), 
of whose presence in large amount in the sea-water of that period 
there is ample evidence.— The detennination of the organic, nature 
of this Serpentine-limestone, which is one of the lowest mem- 
bers of a series of strata so far below those in which organic 
remains hod previously been detected, that, to use the words of Sir 
William Logan, the appearance of the so-called ‘ Primordial Fauna* 
is a comparatively modern event, — may be regarded as the most 
remarkable achievement of Microscopic inquiry as applied to 
Geology, 

703. It is obvious that, under ordinary circumstances, only the 
parts of the bodies of Animals that have been entombed m the 
depths of the earth are likely to be preserved ; but from these a vast 
omoimt of information may be drawn ; and the inspection of a 
microscopic fragment will ofUm reveal, with the utmost certainty, 
the entire nature of the organism of which it formed part. Minute 
fragments of the teats or spines of all Echinodei^iata, and of all such 
Molluscous shells as present distinct appearances of structure (this 
being especially the case with the Brachiopods, and with certain 
families of Lomellibranchiate bivalves), may be unerringly identi- 
fied by its means, when 
theextwnal forms of these 
fragments , would give no 
assistance whatever.— In 
the study of the impoiiant 
ancient group of TrUo- 
hiies^ not only does a 
Microa?opio examination 
of the ‘ casts’ wliich have 
Eye of Triioi^He. been preserved of the 

surface of Iheir Eyes 
(Fig. 401) serve to show the entire conformity in the structure 
of tnese organs to the * composite’ type which is so remarkable a 
dharaeterisrie of the higher Articulata (§ 626), but it also brings to 
light certain peculiaritaes which help to deteiWne the divitdon of 
great Cmsiaceon series with which this group has most 
alHance.^ 

* 8«b iPirof. Barmeister On the Organization of the Trilobitea" pnMIehod 
by tie Bay Society, p. 19, 
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701, It IE, however, in the caae of the Teeth, the Bones, and 
the Berm^ skeleton of Vertebrated animals, that the value of 
Microscopic inquiry becomes most apparent ; since their structure 
presents so man^ characteristics which are subject to well-markod^ 
variations in their several Classes, Orders, and Families, that^ a 
knowledge of t^eae characters frequently enables the Microsoopist 
to determine the nature of even the most fragmentary specimens, 
with a positivenosa which must appear altogether misplaced to 
such as have not studied the evidence. It was in regard to teetht 
that the possibility of such determinations was first mSAle clear by 
the laborious researches of Prof. Owen ;* and the following may he 
given as examples of their value : — A rock*formation extends over 
many parts of Russia, whose mineral characters might justify iU 
being likened either to the Old or to the New Red sandstone of this 
country, and whose position relatively b) other strata is such that 
there is great difficulty in obtaining evidence from the usual sources 
as to its place in the series, lienee the only hope of settling this 
question (which was one of great practical imjwrtance, aince, if 
the formation were new Red, ( V>al might be cxjx’cted to underlie it, 
whilst if old Red, no reasonable hope of Coal could be entertained) 
lay in the determination of the Organic remains which this stratum 
ihight yield; but unfortunately these were few and fragmentary, 
consisting eWefly of teeth which are seldom perfectly preserved. 

« Fro. 492. 



Section of Tooth of Lc^nthodon, 

From the rigantio size of these teeth, togrther 
WM ftt fcKferred that they belooged to Seunaa Bepfalee, m 
• See hie nwgnificont “ Odootogmphy." 
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wMch case the Sandstone would have been considered as New Red ; 
but Microscopic examination of their intimate structure unmis- 
takably proved them to belong to a genus of Fishes (Bendrodm) 
which is exclusively Palaeozoic, and inns decided that the forma- 
tion must be Old lied. — Wo again, the MicroscopicAexamination of 
certain fragments of teeth found in a sandstone oiF Warwickshire, 
disclosed a most remarkable type of tooth-stmctnre (shown in 

S , 492), which was also acertained to exist in ce^in teeth that 
been discovered in the ‘ Keupersandstein’ of Wirtemberg ; and 
the identity or close resemblance of the animals to which these 
teeth belonged having been thus established, it became almost 
certain that the Warwickshire and Wirtemberg sandstones were 
equivalent formations, a point of much Geological importance. 
Tne next question arising out of this discovery, was the nature of 
the animal (provisionally ttjrmed lAthyriyithodon, a name ejrprcssive 
of the most peculiar feature in its dental structure) to which these 
teeth belonged. They had been referred, from external characters 
merely, to the order of Saurian Reptiles : birt it is now clear that 
they were gigantic Salamandroid having many points of 

relationship to Ceratodm (the Australian * mud-fish*), which shows 
a similar though simpler dental organization. 

705. 'The researches of Prof. Quekett on the minute structure of 
hone* have shown that from the average sizc^ and form of the 
lacunm, their di8i>osition in regard to each other and to 4he 
Haversian canals, and the numbtu* and course of the canalicnli 
(§ 653), the nature of even a minute fragment of Bone may often 
be determined with a considerable approach to «ertainty ; as in the 
following examples, among many which might be cited: — Dr. 
Falconer, the distinguished investigator of the fossil remains of the 
Himalayan region, and the discoverer of the gigantic fossil Tortoise 
of the Sivalik hills, having met with certain small bones about 
which he was doubtful, placed them for minute examination in the 
hands of Prof. Quekett, who informed him, on Microscopic evidence, 
Ibat they might certainly be pronounced Reptilian, and probably 
belonged to an animal of the Tortoise tribe : and this determination 
was fully bome-out by other evidence, which led Dr. Falconer to 
oonokide that they were toe-bones of his great Tortoise, — Some 
fti^yments of Bono were found, many years since, in a Chalk-pit, 
which were considered by Prof. Owen to have formed part of the 
wing-bones of a long- winged sea-bird allied to the Albatross. This 
determination, founded solely on considerations derived from the 
very imperfecGy -preserved external forma of these fragments, was 
oalfed in question by some other Palaeontologists ; who thought it 
moie probable that these bones belong^ to a large species or the 
extinct genus Pitrotiaeiiflus^ a flying lizard whose wing was ex- 
tended npon a single immensely-prolonged digit. No species of 

* See his Memoir on the ^Comparative Stmeiare of Boim,* **Tnuiisacl. 
of the Mkroso. Soon'* Sen 1, Vol. ii. ; md the Cstalogao of the Histologfoel 
Musoitia of the Roy. ColL of Snrgwms,” Vol, ii. 
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Pterodactyle, however, at all comparable to this iu dimensions, was 
at that time known ; and the characters furnished by the configura- 
tion of the bones not being in any degree decisive, the question 
would have long remained unsettled, had not an a})j)cal lajen made 
to the Micrqs^pic test. This appeal was so decisive, by showing 
that the mintte structure of the bone in <picstion corresponded 
exactly with that of Pterodactyle bone, and dilfered essentially 
from that of every known Bird, that no one who placed much 
reliance upon tliat evidence could euteriain the slightest doubt on 
the matter. By l*rof . Oweu, however, the validity of that detoniiiua- 
tiou was questioued, and the l)ono was still maintained to be that of 
a Bird ; until the (piestion was finally set at rest, and the value of 
the Microse/jpic test triumphautly confirmed, by the diM<wery of 
undoubted J^terodoctyle bones of e.orrespoudiug and even of greater 
dimensions, iu the same and other ("hafk tjuarrios. 

706. The application of the Microscopes to (i oology is not, how- 
ever, limited to the discovery or determination of Organic structure ; 
for, as has been now satisfactorily demonstrated, very imjwrtant 
information may lie acquired by its meaus rt;8]>ecting the Mineral 
composition of Kocks, and the mode of tlieir formation. The 
Microscopic examination of the sedimenis now in course of deposi- 
tion on various jiarts of the great Oceanic area, and oiimcially of 
the largo number of sarajdes brought u]> in the * OJmllcngor’ 
soundings, has led to this very remarkable conclusion, — that the 
<Uhri» resulting from the degradation of (Continental land-masses 
are not caiTied fur from their shores, ]mi\^ f'til irrl ij ahaeui from tjie 
bottom of the d^p Ocean-basins. The sedirnonts Hum) found, 
whore not of Organic origin, mainly consist of volcanic mada and 
afthetfy which are found in Volcanic areas, and of vJ/nj that seems to 
have been produced by the disintegration of masses of pumice 
(vesicular lava), which, after long lloating, and dispersion by 
surface-drift or ocean -curreuts, have become water-logged and have 
sunk to the bottom. As no ordinary siliceous sand is found any- 
where save in the neighbourhood of Coniineuts and Continental 
islands, and as all Oceanic islands are the products of local Volcanic 
outbursts, this absence of all trace of submerged ( 'ontinental land 
over the great Oceanic area, affords strong conhrmation to the 
belief which G^logical evidence has been gradually tending to 
establish, that the sedimentary rocks which form the existing 
land, were deposited in the immediate neighbourhood of pre- 
existiug land, whose degradation furnished their materials; and 
consequently that the to%oiaZ disposition of the great Continental 
and Oceanic areas was not very different from what it now is^ 
Further, the microscopic examination of these (Jceanic sedimentfi 
reveals the presence or extremely minute particles, which seem to 
correspond m composition to imtcontes, and which there is 
strong reason for regarding as ‘ cosmic dust’ |>^rvading the inter-*. 

* 8«e Proi? Geikw’s Ijecture on ‘GeograpUhail Evolution,* in tlje “Pro-^ 
ceedings of the Itoyal Ocographicel Society,*’ July, JH79. 
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plitiietary spaces. — Tlias tise application of Microscope to thf 
study ot these deposits, hrinspi tj« in contact ^itb the greatest 
questions not only of Terrentrial but also of Cosmieal Physics ; and 
lurnishes evidence of the highest value for their solution. 

707. The application of the Microscope to the dcAermination of 
the materials of the sediments now in process of deposition on the 
Ocean-ljottom. leads ns to another groat department of Micro.scox>ic 
inquiry now being extensively prosecuted, -"uamely, MitroBeopic 
pBimhcfn, study of the Mineral materials and P^sical 

structure of Kooks. For although the (leologist has no difficulty 
in dotennining by his unaided eye, with the use of simple chemical 
tests, the mineral composition of rocks of coarse texture, and in 
ilistingiiishing the fragimmts of previously existing rocks of which 
they nave been built-up, the case is diffcreTit with those of extremely 
tine groin, still more with such as present an api)arently homo* 
geneoiis, compact, and glassy diameter. For it is only by the 
microscopic study <»f these, that any trustworthy coticlusions can 
be arrived at in regard to the mode inVhich they have originated, 
and the changes they have subsequently undergone; and such 
study often reveals facts of the most unexpected kind and the most 
striking siguificance. - Thus, many compact Bvdimrntfny rocks, 
whoso homogeneous appearauei? to the eye or the hand -magnifier 
gives no clue to tiieir <mgin, arc found, when thin swrions of 
them are exainiued inicrosc<>pically, to ho aggregations of minntf* 
rounded nud water- worn grains (olion less than l-100i)th of an 
inch in diameter) of (Quartz, Felspar, Mica, soft and hard (days. 
('’lay-'Slate, Oxide of Iron, I r on- pyrites, (hirlionste of Inme, frag- 
ments of fossil Organisms, Ac., armngfMl wtliout any trace of 
<lcoidod Htructure or crystallization, lu rocks exhibiting Bhitij 
^•lmva<n\ again, the direction in which the pn^ssure has bwn applied 
is indicated iu a microscopic section by the eh>ngation or fiattening 
out of some of the imrticles, with a sliding movement of others. 
In regard to m//>bVc or it/ttrom* rocks, on the other hand, the 
rasalti of microscopic examination enable it to lx* steted tliat 
whether ixmessing the hardt*.^! and most compact sulistance, and 
presenting the most homogeuoons and oven glossy asp^^t, or 
eriating under the form of the softest and finest powder (like the 
of volcanw^s), the rocks of this class ar^* characterized-— 
as a rule— *by the winutely-crystalUuo character of their mineral 
components ; and thivs even when their vitrification seems to the 
eye »o complete, a« to forbid the cxjHictation i»f any such recogni- 
tton. And in this manner a clue is obtained to the Banrre» of 
these rocks; which (thei-v is now strong reason to beUeve) have 
l>ee!i formed for the most part, if not universally, by the rmdtiiig- 
down of the rocks pre-existing in the ncighbourhcKHl, and not 
elected fas acconling to the older theory) from the j^neral molten 
interior of the eartn.— Again, we are often enabW by the same 
means to tmoe-ont the * inetamorphic* action by whiclfbne kind of 
rock has been oonyterled into another subsequently to its first 
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^lejx)M^on a« a sediment* Of this the change of a calcareous 
deposit mado-np of the remains of Foraminifera with fragments of 
shells, corals, &c., into a crystalline Limestone, is one of the most 
common; occurring wherever the rock hiis been snhjectt^ t(» 
pressure and |ontortion, and especially in the* near neighbonrhood 
of igneous oTObursts. And there can now be little hesitation in 
attributing much of this conversion to the solvent action of water 
raised to a very high t:^mpcraturo under enormons pressure* A 
very curious piece of evidence, moreover, has now been furnished 
by Microscojuc, study, in siipjiort of the doctrines which other 
considerations render probable, that so/io’ lV»nnH of (Iraniie (to say 
the least) liavo l)eeii generat<«l from sedinientfiry rocks by nieta- 
morphic agency of a like nature. For it has been shown by Hr. 
iSorby that the (piartz-crystals of (Iranite f)fteii enclose water or 
other liquitls (soinetimcH liquid carbonic acid) in cavities in their 
interior; which cavitites. hf>wever, arc‘ not filled with the liquid, the 
remaining spacer being occupied by vapour. 'J’his fact cannot be 
otherwise accounted lor, than by supposing that the erystallissation 
must have taken ])Iac«* in the preswna? of water; and that this 
water, though liquid, ujust have been so hot as at that time to Jilf 
the cavities whicli it now occupies only purfially, the sijie of the 
present vacuitv marking the ainonut of its subsequent shrinkage 
daring the cooling of the mass. 

708. Ah this study, however, can only Ix’ successfully prosecuted 
. by such us have previously olduined a considerable knowlcslgc of 
.nineralogy, furth<*r details would obviously lx* unsuitable to our 
present pur|s)s{* ;• whi<‘h is only bi excite an interest in these 
researches, and to give such general direetions as will be of s<*r\dci‘ 
U* lieginners who may lx* disposed ti> follow them ont.— The mode 
in which Koek-sections are to Ik* ent, is essentially the same as that 
for which directions have already been given (§§ 102-190) ; but 
it will l»e ffuind desirable to use broader and thicker glosses than 
the ordinary Jlx 1 inch size, so that the sections may i>e aliout an 
inch tapiare. The ♦•mery-plate should only be used for the hardest 
rc»ck8, as the softer will r>c disintegrateMi when niblied upon it. 
For these last, a fine corundnm*fih!, or a piece of pumice-stone, is 
to be preferred in the first instanrx?, and a fine Water-of-Ayt stone 
for finishing. When the ro<*k i.s very friable, it may lie saturated 
with hardened Canada balsam Wore rubbing down* As sections 
of the thinness usually required may not l>ear being transferred 
from the glasses to which they arc cemente<l, it will be detdmHe 
that the attachment of a flattened and polished surface to the 
glass on which any section is to remain, should lie finally made 
licsfore the reduction of its thickness has been such as to involve 
the risk of its fracture in the process.* 

* An ** ElementAry Text-book of Potrok^y” hs* lately Ixjen pahllihed by 
ktr. F. of H.M* Geological Sanrty. Tb© more advanced Student 

ftthoidd have Pecoam© to tb© ao^scessiv© Memoirs pnblbbed by Mr, Sorby In 
ilk© jroartMd of tbe Geological Bocie^, tbe Proceedings of th« Totkahkr 
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709, In the application of the Microiieope to Petrolo^ool an<l 
Miueralogical reHcaTch, the employment of Polarized Light is eon- 

Fio. 403. 
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Ktantly required ; and various means and appliances are needful 
for its most advantageous a}>piicutioii, which are not required by 

<4eological Bccioty, and esiM^ciallv the following: — *On eome 

Pe«niUariti<f£( in the Mimwwjttpie Struct un* of t’rjstaU/ in “Jooni. of 
<h>olo||, SoKsiety^” Vol, xiv,, y, 242; ‘On the Mirroscoi»ic Stmeturt^ of 
Cryvtids, iadico^ag tlio Origin of Minemb and Kocki^” Op, cu.„ p. 4.>0: 
* On the Original Nature and subsequent AlUiration of Sf icA-Scliist^’ Op. 

Yol. 3ci3U P- 401 ; *8ur T Application du Micro«cH>jKi ^ I'Etude do U G^<3^> 
I’hvshine,^ in “Bull, Boc, do Faria, “ 1859-60, 568; and his Preidde&ttal 

Adareaees to the Geological Society, 1879 and 188tl. — Altso the Memoir by 
Mr, 0avid Forbes, ‘ The Micttjscope in Geology/ in the “Popular Science 
Review,’* Oct 1867 ; tlie Treatise of Vogelsang* “ Philosopbio der Gedbgie 
ttnd Mijboakopische Gcsteinsstadleu/* Bonn, 1867 ; variola irabaequeml 
Memoijm bv the same; the Treatises of Elrkel. “Mtkroskopische Bes* 
chalfenheit Ser Mineralien n. Oesteine,” 1873, and “ Microecopic Petrography ’ 
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tlie o]idli^ty Micro8tx)pi8t * An instrument having heen ttM>entIy 
*broiight out by M. Nachot, which oombinoH all that the 
experience of MM. Fouqii^ and Mi<*hel Levy haH led them to 
think desirable for Minemlogical and Petrological investigjation, 
an account of it is here subjoined. — In all MioroscoiH^s previously 
constructed ji»r this purpose, the rotation of the object on the 
Stage between the Polarizing and the Aualy/iug prisms was liable 
to put it out of |K)sition in regard to the cross-throails in the eye- 
])iece ; as the centering of the Objective is Hoarcely ever so pertect 
as not to produce displacement, ainl, if the centomg 1 h‘ 

adjusted so as to be p(^li‘cct for one Objei’tive, it is likely to be 
faulty for anotla^r. Now, the peculiarity of M. Nachet's constnu’- 
tion is, that the Eye-piece, wuth its cross- threads and analyzing 
l^rism, remains fixm aoove (being carried upon a separate arm), 
whilst the Pody ami Stage (with the ob je<*t it carries) can be made 
to rotate altogether around the opti(‘ axis, above the IVdariziug 
prism wliich remains iixed beneath; the angular amount ot this 
rotation being measured by agratliiab'd ring, and a vernier attached 
to the stage, liy this arrangement, the ohject is made to rotate 
between the two prisms of the Polarizing apparatus, without 
ehanging its position bouoath the (Objective, andtherelore witliout 
displacing its image from its contact with the crosH-threa<iH ol 
the Eye-pieee. The mode in whi<‘h this plan is worked-out in 
the ordinary small Continental model, is shown in Fig. 493; 
whilst, on the other hand, Fig. 491- represents the largest and 
most complete form of the instrument. In this last, the upper 
^airt of the carrying the eye-piece and analyzing prism, 

can be raiscid or lowered by the pinion attaidied to the fixed 
arm that carries it. At M, immediately beneath the eye-piecc, 
is a small mirror, so placed as to illuminate the cross-wires when 
t he field is dark, d’hitanalyzing prism is inserted at A, in such a 
manner as to allow of being readily with »irawn when its action is 
not required. The Stage, with its traversing object-platform J>, is 
made to rotate in the ojdic axis by the pinion k ; which can be 
thro\vn out of gear so as to enable the rotation to be t^de bv 
luind; and the olpect-platform, which is c^adua'M in both 
directions, is fitt<*d with a square against which the slide abnts, so 
that any particular point in a section, whose place has been once 
xmted by the scales, can be readily found again. The Polanzing 
prism K, is mounted quite independently of the stage, and can be 

(U,H. Geological Exploration of Fortieth Parallel), ISTC; the Treatises of 
Hoseobttsch, Mikroskopisohe Physiographie dor petrogrephische-wiclitegen 
Mioeralien,'^ 1873 aatl “Mikrrxikopische Phy«iogmphb dermassi^eu Gestolne, 
1877; that of Jenzsch, “Mifcroskopische Flora u. Fsuaa JvrystolHniJiobe 
Moseengesteine,” 1868; that of Von Lasaulx, hlemente der PotnjgmpUie. 
1875 ; and the gT^*at work of MM. Fouqnd and Lfwy, “ Mirnkalogle Mlciv- 
graphtqoe, Boebes Eruptives Fraiicaises,” Paris, 18711. 

• The description of a Microscojw specmlly devised for this purpose wv 
Mn Bntley,WKi made by Mr. Watson (of Pall Mall), will he found at p. ;g)7 of 
Ills Text -wok. 
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preoiaely centred by tbe two milled-beade, c and d. In tba lower 
(rotating) part of tbe body* tbere is a horisontal slit at B for the* 
introdn%on of laminse oi gypsnm, quartz, dee. ; and into tbo lower 


Fig. 49i. 



Kachtit*s L&rgc* al Microsco(>e, 

end of tbo ocular tube can be btted a cono that carries the con- 
veryng letuws neoossaipr to transform the mstrument into an 
Amici mioroiK^pe, its distance from the objective being regulated 
by the rack near tbe top ol tbe eyo-kdie. 


CHAPTER XX. 


CKYST-ILLIZATION.—POLA llIZATION.— MOLE( U LAU fX)AL1i:«C ENCK. 

710. ALTiiourTii by far the moBt numerons and most important 
applications of the Microscope are those by which the structnre 
ana iictiona of Orj[^anized beings are inaclo koowii tt) uh, yet there 
are many Mineral substances which constitute both intorestin^j 
and beautiful objects ; being remarkable either for the elegance of 
their forms or for the beauty of their colours, or for both combined. 
The natural forms of luorganh; substuntw, when in any way sym- 
metrical, are so in virtue of that peculiar arrangement of their 
particles which is termed crifatallhaitini ; and each substance 
which crystallizes at all, docs so after a certain type or plan, —the 
identity or ditfercncz} of these typos furnishing characters of primary 
value to the Mineralogist. It does not follow, however, that the 
form of the crystal shall be constantly the sanie for each substance *, 
on the contrary, the same plan of crystallization may exhibit iteeU 
under a great va 4 ^cty of forms ; and the study of these in such 
minute crystals as are appropriate subjects for observatiou by the 
Microscoi>e, is not only a very interesting application of its powers, 
but is capable of affording some valuable hints to the desd^er. 
This is jmrticularly the case with crystals of Know’, which bmong 
to the ‘ hexagonal system,' the basis of every figure being a hexagon 
of six rays ; for these rays become encrusted with an endless 
variety of se<x>ndary formations of the same kind, sonic consisting 
of thin laminm alone, others of solid but translucent prisms heaped 
4jiie upon another, and others gorgeously combining laminai and 
prisms in the richest profusion ;**♦ the angles by which these figures 
are bounded beiiig invariably (50^ or 12U'^. Beautiful arborescent 
forms are not unfrequently produced by the peculiar mode of aggre- 
gation of individual crystals : of this we have often an example on 
a large scale on a frosted window ; but microscopic cr^j^stallizations 
sometimes present the same curious phenomenon (k ig. 40*;). —lu 
the following list are enumerated some of the most interesting 
natural specimens which .the Mineral kingdom affords as Micro- 
scopic objects ; these should bo viewed by reflected light, under a 
very low power : — 

« fieo Mr. dUihber’s Memoir on * Sftow-CTyBtels in wiOi nnmerotui 

ti 0 »iitilnl figores, in “ Cjtaa.rt. Josm, of Microsc. Sci.,** VoL lii. p. 170. 
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Bnlphuret 

A»be»tctti 

Av«uturin© 

Bittc), artiflrial 
Oopi^cr^ native 

arseniate 

malachitw-ore 
— peacock-«>ri' 

pyriti'W (HulphaiX'f) 
ruby-ort) 


Iron, ilvaite or Elba-ore « 

pyrites (sulphuret) 

liapis lazali 
Lead, oxide (minium) 

sulphuret (^leiia) 

Silver, crystallized 
^'in, crystallizedf 
— — oxide 

sulphuret 

Zinc, rryslallizod. 


I'bin sections of Granite and otLor rocks of the more or less 


711. Idle actual process of the Format ion of CmjstaU may bo 

watched under the Microscope 
Ftc. 405. with the greatest facility ; all 

that is necessary being to lay 
on a slip of glass, previously 
wanned, a saturated solution of 
the Salt, and to incline the stage 
in a slight degree, so that the 
drop hIuiU be thicker at its 
lower than at its upper edge, 
'rhe ciyKtallization will sjMjediJy 
begin at the upjvr edge, where 
the pro])(>rtion of liquid to solid 
is most quickly reduecKl by eva- 
]>orati(ui, and^wiU gi*a<luully ex- 
tend down wants. If it should g<> 
ou too slowly, or should cease 
altogether, whilst yet a large 
proportion of tlie liquid nmmins, 
the slide may be again warmeil, 
Vf'tfgiatthtd and the part already solidi- 

fied may be re-dissolved, after 
which the pmcess will n^coiumenee with increased nipidity. — ^This 
intt^resting spectacle may be watched under any Microscope ; and 
the works of Adams and others among the older qbsen^ers testify 
to the great interest which it had for them. It becomes far more 
striking, however, when the crystals, as they come into being, are 
made to stand out bright ujH>h a dark ground, by the use ot the 
8pot^lens, the Poralvoloid, or any other form of . Block-ground 
iUtimmation ; still more beautifn! is the spectacle when the Folar- 
iidng apparatus is emploved, so as to invest the crystals with the 
most gorgeous variety of hues. Very interesting results may often 
be obtained from a mixture of two or more Balt» ; and some of the 
Double Balte give forms of peculiar beauty.^ A further variety 

* The following dlmeiiotifl; Itave beeu.giveo by Mr. Bsivida dotnm. 

ofMkloao. VoUit, 1862, p. 128, luid Vol. v. p. 205) for obUiaiog 





CRYmHmTIOK*^POLAimtIOK. 


m 

may W prodaced hyfmijtg the film of the snbetanee wlwieh hm 
omtalliKed from its solution ; since on the temperature of the glass 
Slide during the solidification will depend tlie size and arrangement 



liadiatiug OryalalliiMktiou of Sautouiue. 


of thi> (’rywialrf. Thus Sanionine, when crystallizing rapidly on a 
verj' hot platf^ forma largo crystals radiating from centres without 


UiPKe. makes a nearly saiamtexl aoluiloitf mty of the double ^^iilphate 

of (;oi>i>er and Magnesia ; he dries rapidly a portion on a glass slide, allowing 
it to U'eonif‘ hot, 80 as to fnso the salt in its water of cnrstallizatlon ; there thwi 
t'f'inains an lutiorphous film on the hot glass. On allowing the slide to cool 
slowly, the pjirtirW qf the salt will absorb moisture from the atmosphere, and 
lasgin to arrange themselves on the glass, commencing from points, Jf then 
pWtnl imder ttie Microscope, the points will bo seen starting up here and 
there ; and from those centres the crystals may be ^yatched as they bnirst into 
blossom an<l «]>r«'ad their petals on the plate. Starting-points may be made at 
•e, by touching the film with a hue ni»odle, to enafde the moisture to get 
uimorit; but this treatment renders the centres in)|>ffrfect. If allowed to go 
on, the crystals would slowly cover the platii, or if bi'oathed-on they form im- 
mediately ; whereas If it is (fesired to preserve the flower dike forma on a fdalii 
ground, a» soon as they are enough dovtdopment i#» Bu#j>eii(ted by Again 
Apphing geiitie heat; the crystals are then covered with pwr (Canada baniaixi 
and thin gUs^ to be flnished off as usual. The balsam must cover the m 
of the flhu, or moisture will probably get under it, and crystalllutt^on 
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nxiy tmdtilatioiia ; wlien tW heat is less ecassideraWe, the <^ 7 »tai» 
are smaller, and show oonceatrio waves of very decided fomf 
(Fig, 496) ; but when the slip of glass is oool, the crystals are 
exceedingly minute. It would seem as if these last results were 
due to interruptions in the formative process at certain points, 
(umsequent u{K>n the hardening influence of c(>ld, an^ the starting 
of a fresh formation at those points.* A curious example of the 
like kind in the crystallisation of Sulphate of Copper to which a 
mall quantity of Sulphate of Ma^esia has b«W added, is shown 
in Fig. 497. some principle has l>eea out to a still 



lUtltAtiug of Sulphate* Copper and Mitguesia. 

e 


extent in the cose of Sulphate of 


as,* 
of I^Knn 


[pn 

who has succeeded, by keeping the si 
to 00", in obtaining most singular 


per alone, hy Mr. K. 
tide at a temperature 
and beautiful forme 


* Sm JSavies m ^CryBOdlftatioa sad tho Mioro»eo|i<^' iu Joam. of 

iriW««n «dU** Vek U,, p. m. 

f Soe M« the OryHtaUliaknfHi «t vaHoas Teniftenttaivs at tha 

DNuuhto iki}t oalplMUa of MintmotAn sad ButplMk^lo ol ISion* ht diasni. ol 

llicmsc. IN.S., Vot vi., pp. 187, 177. See »l»a H. H, m 

^Orystsls for the Mtno'Pobjriscop©,’ in ‘•Intohertsol Otoeerrer,** vok vi, 
(im),p.4S7. 
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8pw(fi cry&talHzatioxi, sacli as ^at represented in Fig. 498, Mr, 
•Slack has shown that a great variety of spiral and curved foimn 
can obtained by dissolving metallic salts, or Salicine, Santonine, 
in water containing 3 or 4 per cent of colloid Silica. The 


8 FIO. 408. 



8pirt4 Crysta.lli/Jitum of of (jopi»er. 


nature of th<j action ^at takes place may bo understood by allow* 
ing a drop of the Silica-solution to dry upon a slide j the result of 
which will be the^ proiluction of a complicated series of cracks, 
many of them curvilinear. When a group of crystals in formation 
tend to radiate from a centre, the contractions of the Silica will 
often give them a tangential pull. Another action of the Silica is 
to intmlucx* a very slight curling with just enough elevation above 
the slide to exhibit of Neywton’s rings, when it is illii- 

minated with Fowell and Ixjaland’s modification of Prof, Smiths 
<iark-grottnd illuminator for high powers, and viewed with a 
l-8th Objective. With crystalline Ixxiies, these actions add to the 
variety of colours to lx? obtained w itli the Polariscc^ the heat 
slidee exhibiting a series of tertiary tints.* — The fouo^ng XiM 
specifies the Salts and other substances whoso crystal^e lormi 
are most interesting. When these are viewed with Polarized I%ht» 
some of them exhibit a beautiful variety of colours of their own, 
whilst others require the interporitiou of the Helenite plate for the 
development oi colour. The substances marked d are oistingnished 

• ^ On the iStiploymeut oC Colloid Silica in the preparation of Crystils for 

the I'idari»»c<>p«*,' in ** Monthly Hkros<^pica} Joarti^,*' Vol, p. 50. 
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by tbe carious property termed diehromn, wMch was first '^noticed 
by Br. Wollaston, out has been specially investijfated by Sir B. 
tfreweter.* This property consists in the exhibition of difierent 
coloura by these crystals, according to the direction in which the 
light is transmitted through them ; a crystal of Chloride of Pla- 
tinum, for example, appearing of a deep red when <ihe light paases 
along its axis, and of a vivid green when the light is transmitted in 
the opposite direction, witli various intenncdiate shades. It is 
only possessed by doubly -refracting substanceB ; and it depends on 
the absorjition of some of the coloured rays of the light which in 
polurixed during its passage through the crystal, so that the two 
}>enoUs formed by double rcfractum liecome difierently coloured,- 
the dogpreo of dinerence being r<»gulate<i by the inclination of the 
incident ray to the axis of dtjnble refraction. 


Acetate o! Uo{>|>er, 

— — of Maugaut'HC 

ofSiKU 
of Zinc 

Alum 

Arscuiatto of 
Aitpiintglnc 
Aspsrtfq Acid 
Biciirboaate of rotess 
Bicltronuitc of I'otaHs 
BichJoHdo of Mercury 
Biaox&tato of (’bromimn and I’olahM 
Bitartmtc of Ammon izt 
of Lime 

of PotASH 

Bomdo Acid 
tionitc of Animmua 

of fcimla (b(L>mx) 

t^Arbonutc of Lime (fiann unne tU 
horm*) 

Oarbmukte of PoUms 
of BotlA 
Didomte of Potass 
(/bloHde of B&rium 
of Colmlt 

of CopiM^r and Anim*>iiui 

of pNlladium, d 

■ - of Sodium 

Oholu«toriue 
Ohromide of Potass 
OiuriioQoidiuo 
CltHo Aeid 

of Korcary 
fiipgiarlc Add 
Hypornuuigoimte of Potass 
lomde of Potasdum 
of Quhiiiio 
Ma&aHo 


Margiirino 

Mtircxidc 

Muriate <>f Ammonia 
Nitrate of Ammonia 

of Barytes 

(,f Bismuth 

- of ('o})pei' 

— of PotaKN 

of Soda 

— " • of iStrontiau 

of Unuiium 

Oxalic Acid 
«>Xrtlat»'of Ammonia 

— of (Chromium 

of Chromium mid Ammonia, 

of (.Chromium and PotasK, d 

of Limo 

of PotAHS 

— . oi Soda 

ONalumte of Ammonia 
PhoKphatc of AiniuoaiK 

Ammonmc(>-MAgrH‘siun 

(triple of urmc) 

of Ta'H'I, d 

of Sf (ia 

Plalino-chloride of Thallium 
I’iatiuo-cjTinide of Ammoum, </ 
Prussiate of Pomsa (rt d) 

Ditto tiitto (yellow) 
Quiniditm 
Saliciue 
Saligiuiue 
.■imitonimv 
Bteariuo 
Supur 

Balphnie of Ammouhi 
■ " ' ■ " td (.’Admitmi 
"" of (h^per 


• ** Philosopbii^t TmiiAActioiiA,** IfUO. 
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^ulpiiftteof (/oppormjd Ammonia 

of CtJpporAndMag^etiiiii 

of (3oppor and I*c>fa»s 

of Imn 

■ — of Iron and (Cobalt 

■", — of 

^of Niokol 

— ^ of I'otaMMA 


Snlpliata of Btxla 

of idinc 

tTartaric Acid 
Taititito of Sodiv 
ITric Acid 
I'mto of Ammonia 
— - of Soda 


It not \infre<|nentiy happens that a romarkably-beautiful spool- 
men of Crystallization deveiopes itself^ which the observer desires 
to keep for display. In order to do this successfully, it is necessary 
to exclude the air ; and Mr. Warrington recommends Castor-oil as 
the best preservative. A small quantity of this should Iw poured 
on the crystallized surface, a gentle warmth applied, and a thin 
glass cover then laid upon the drop and gradually pressed down ; 
and after the superfluous oil has been ivmoved from the margin, a 
coat of Cold-size or other varnish is to be a]>pliod. — Although most 
of the objects furnislied by \^eget;able arnl Ammal structures, which 
are advantageously shown by Polarized light, have been already 
noticed iu their a])propriate places, it will bo useful hero to reca- 
pitulate' the principal, with some additions. 


rutiCfS, ffsurs. >oi'l S»‘nli's, fr»>m 
( 5 ^ 

Fibn‘W of (’oUon hikI FInx 
llaf>hid('H C 359) 

Spiral (V'IIh and vrsH<*lH (JJ;357, 3t*'2) 
Stare h-grain.s (§ 35H10 
Wood, longitudiiml of, 

mounted in iKtlsam ($ 3<>H ) 

Jtiinutf. 

Fibr#‘«}uid Spienles of iSpoi)g«‘>, (§ .510) 
PolypidoniK uf U j'drozm .521 ) 

SpiculuH of iJorgoniaj (§ .52f») 


PolyzofiHcs C 24H) 

'J’oijgues (I’ahib'w) of ttastompods 
mount <Mi in Ixilgam ({j 570-*5<9) 
t 'uftle-flHli bone (§ 577)1 

Si'aleK t)f Finbos ($§ t>57, f>5S) 
SeeiionK of K^rg-shollH Cj 712) 

of HairH (« 5t;|, eC2) 

of Quills rttJO) 

of Horns (5 0t>4) 

of Shells (W 5<;3-5U) 

ot Skiu (i 67<») 

of Tooth (${( 0.55, 6.50) 

o[ I'endon, longitudinal 

(5 


712 . Moloathir Coalescence . — ^Eemarkable modifications arc 
shown in the ordinary forms of crystallizable substancjes, when the 
aggregation of the inorganic particles takes place in the presence 
of certain kinds of organic mattftr ; and a class of facts of g^t 
interest in their T>earing upon the mode of formation of various 
calcified structures in the bodies of Animals, wa.M brought to light 
by the ingenious researches of Mr. llainey,* whose method of ex- 
|>erimenting essentially consisted in bringing-about a slow decom- 
position of the salts of Lime contained in (ium-arabic, by the 
agency of Subcarbonate of Potaslu The result is the fcumatio^of 

♦ See his TresUsrt “ On the Mode of Fonnatum of the MhoUs of Animals, of 
Bone, and of several other structures, by a process of Molecular Cloalesoefiee, 
demonstrable in certain artiflciall 5 *-fomj**d products'^ (1H.5S) ; and his ‘Further 
Kxperiiaeuts and Observations,* in “Quart. loum. of Siicrosc, Sci*,** 
Voti(186X),p 23. 



m MOI^^LAE COALESCENCE, 

spheroidal concretions of Carbonate of Lime, which progtssaivelf 
increase in diameter at the expense of an amorphous deposit 
which at first interreues between them ; two such spherules some- 
times coalescing to produce ‘ damb-l)ells,’ whilst the coalescence 
of a larger numl>er gives rise to the mulbenry-like body shown 
in Fig. 499, h. The particles of such composite sTiherules appear 
subsequently to undergo re-arrangement according to a definite 
plan, of which the stages are shown at c and cl ; and it is upon 
this plan that the further increase takes place, by w^hich such larger 
oonoretiona as are shown at «, c/, are gradually produced. The 
structure of these, especially when examined by Polarized light, is 
found to correspond very closely with that of the small calculous 
concretions which are common in the urine of the Horse, and which 
were atone time supposed to have a matrix of cellular stnicture. 


Fio, 499, 

a. ^ 



Artificial Cimcretious of ('‘nrlxiuate of Lime. 

The small calcareous concretions termed or ear-stones, 

found in the auditory sacs of Fishes, present an arrangement of 
their particles easeniuiUy the same. Similar concretionary spheroids 
hare already been mentioned (§ 613) as occurring in the skin of the 
Shrimp and other imperfectly -calcified shells of Gmstacea; they 
occur aUo in certain imperfect layers of the shells of Mollusca; and 
we have a very g<^l exfimplc of them in the outer layer of the 
envelope of wnat is commonly known as a * soft egg/ or an * egg 
without sheik' the calcareous deposit in the fibrous matting already 
desorihed (§ 668) being here insufficient to solidify it* In the ox- 
ten^ of ft** ordinaiy egg-shell, on the other hand, the oon- 
crelioas have enlArged themselves by the progressive accretion of 
Cfdoareous particles, so as to form a" continuous layer* which cop- 
rislt of a series of poly^nal plates reaemUiug those of a tessddatod 
pavement. In the sim * shells* of the eggs the C^ttrich and 
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yasso'ifB.pr. this conm^tionairy layer is of oonsidomblo tliiolciieus ; 
and vertical as well as liorizsontal sections of it ate very interesfeg 
ejects, showing also beautiful efiects of colour under Polarised 
light. And from the researches of Prof. W. 0. Williamson on the 
scales of P'ishes bo7). there can l>e no doubt that much of the 
calcareous deposit which they contain is formed upon the same 
plan. 

71‘h Tills lino of inquiry has been contom^ioraueonsly pursued 
by Prof. Harting. of Ptrecht. who, working on a plan fundamentally 
the same us that of Mr. llainoy (viz., the slow prmpitation of 
insoluble salts of Lime in tho prcHcnco of an Organic * colloid*), 
has not only c<mbrnKHl bat greatly extended bis results ; showing 
that with annual colloids (such as cgg-ulbuinen, blood-serum, or a 
solution of gelatine) a inncb greater variety of forms may be thus 
produced, many of tliem having a strong resemblance to (^alcapRons 
j^tmctnres bitberto known (udy as occurring in the b<>di(*s of Animals 
of varions classeH. 'rhe mode of experimenting usually followed by 
Prof. Hurting, was to cover the hollow of an ordinary j.)oroelaiii 
plate with a layer of the <n*ganic lifpiid, to the depth of from 0*4 to 
0'(i ot an inch ; and then !<> imrnersi' in the border of the liquid, 
but at tUametrieally ojipositt^ jioint'^, thcf solid salts intended to act 
on one another by double decomposition, sneb as Muriate, Nitrate, 
or Acetate of Lime, and Carbonate of Potass or Soda ; so that, 
iHiing very gradually dissolved, tlio two substances may come 
slowly to act, upon eiudi other, and may throw down their precipitate 
in the midst of the ‘ colloid.’ Tin* Whole is then covered with a 
plate of glass, unt^ left for some <biyH in a state of perfect tran- 
quillity; when there begin to appear at various »jx>t» on the 
surface, minute points retl(‘cting light, which grtvdually increase 
and coalesce, so as to form a crust that comes Ui adhere to the 
border of the plate ; whilst another portion of the precipitate sub- 
sides, and covers the bottom of tho plate. Round tho two spots 
where the salts are ploecsl in the first instance, tho oaloareous 
dcpoBits have a different character; so that in the same experi- 
ment several very distinct jiroducts arc generally obtaineil, each in 
.some particular spot. ^Pho length of time requisite is found to vary 
with the terawrature, lieing generally from two to eight weeks. 
Hy the intrixluctjon of such a colouring matter as madder, log- 
wood, or carmine, the concretions take the hue of thcqneemphyed. 
When these concretions are treated with dilute acid, so that thdr 
calcareous particles are wholly dissolved-out, there is found U* 
remain a basis-substance wliich preserves the form of each ; this, 
whhii consists of the ‘colloid* somewhat modified, is termed by 
Hartmg caUo^lohallfi ^. — Besides the globular concretions with tlm 
pe<mhar concentric and radiating arrangement obtained Mr. 
Bainey (Fig. 490), Prof. Harting obtained a great variety of 
bearing a more or less close resemblance to the following: — 1. 

‘ diacohths* ^d ‘ cyatholiths’ of Prof. Huxley (Fig. 20,1). % 
tnberculated ‘spicules^ of Alnjonaria (Figs. Ufi2, and 
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vary similar spicules in the mantle of some species of jOoris-(§ 573), 
liamellm of * prismatic shell- substance' (§ 363), which are rety 
closely imitated by crusts formed of Hattened polyhedra, found on 
the surface of the * colloid/ 4. The spheroidal concretions which 
form a sort of rudimentary shell within the body of JAmajs (§ 573). 
5. The sinuous lamellae which intervene between the parallel plates 
of the ‘ sepiostaire’ of the Cuffle^Jhh (§ 575) ; the imitation of this 
being singularly cxtiot. 0. The calcareous concretions that ^ve 
solidity to the ' shell’ of tlie Bird's ; the semblance of wnich 
Prof. Harting was able to j»roduce in nUa, by dissolving away the 
calcareous comj>oneut of the egg-shell by dilute acid, then im- 
mersing the entire cg^ in a concentrated sulution of chloride of 
calcium, and transferring it thence to a concentrated solution of 
carbonate of potass, with which, in some cases, a little phosphate 
of soda was mixed.'* Other forms of remarkable regularity and 
defittittmess, diitcriug eniindy from anytliing that ordinary crys- 
tallization would produce, but not kimwn to have their parallels 
in living bodies, have been obtained by Prof. Harting. Looking 
to the relations betw(*en the ealeareous deyiosits in the? scales of 
Fishes (§^ 657-<i5l0 au<l tbo-^e by which Bones and Teeth are 
solidified, it can scaroely \)v doubted that the principle of ‘ molecular 
coalescence’ is applicable to the latUT, as well as to the fonner ; 
and that an extousiou and variation of tiiis method of experiment- 
ing would throw much light on the ]>rocess of ossitication and 
tooth-fonnatiou. — 'riu* iu<piiry has l.»een further proseeuW by l)r. 
W. M. Ord, with ox]>ro8s reference to the formation of Urinaryand 
other Calculi. t 

714, MicrO'Chemhiinf of P<oVoas. — By a juaicious combination 
of Microftimpuuil witli (duunical research, the application of re-agents 
may be mmie effectual for the d<?tection of Poisonous or other sub- 
stances, in <|uan titles far more minute than have been previously 
supposed to be recognizable. Thus it is stated by Dr. Wormleyt 
that Micro-Chemical analysis enables us* by a very few minutes’ 
labour to recognize with Tinerring <H‘rtainty the reaction of the 
100,000th part of a grain of either Hydrocyanic Acid, Mercury, or 
Arsenic; and that in many other instances we can easily detect by 
its means the presence of very minute quantities of substances, the 
true nature of which could only be otherwise determined in com- 
paratively large quantity, and by considerable labour. This 
ingitiry may be prosecuted, liuwever, not only by the application of 
ordinary Chemical Teste under the Microscope, but ahso by the use 
of oUher meana of r6cogtiitk)n which the use of the Microscope 

<• See TVof. Ifsrtingr’s *• l^'chcroUes «le Mor|>hologie Syutbdtiq«ft sur In pix)- 
ductlon urtificicHe F«irm»tioiis tifticftires luorg^uiques, public 

)isr I’Acad^mitu Bovale rfMerliuidnii^e des ScicuceK,” Amsterdikm, 1S72; and 
Joum. of Hicrosc. Sei.,*’ Vot xib, p. 118. 

f See bis Treetise “On the iDfltnmiM of Colloids upon Crystalliiio Fora* wid 
CetMekm,'* liOtnduti, W79, 

I of Poison'#,” Xew Yc^k, 
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afforda^ Thus it was originally shown by Dr. Gay* that by the 
<^^ul sublimation of Arsenic and Arscnious Acid,^tho sublima^ 
heinz deposited njx>n small disks of thin-glass, — these are dis- 
tinctly reco^izable by the forms they present under the Microscope 
(especially the Binocular) in extremely minute quantities; and that 
the same meth^ of procedure may be applied to the volatile metals, 
Mercury, Cadmium, Selenium, Tellurium, and some of tbeir Salts, 
and to some other volatile bodies, as Sal-Ammoniac, Camphor, and 
Sulphur. Tlie method of sublimation was afterwards extendi by 
Dr. Helwigt to the Vegetable Alkaloids, such as Morphine, Strych- 
nine, Veratriiie, Ac, And subsequently Dr. Guy, repeating and 
confirming Dr. Helwig’s observations, has shown that the same 
method may be further extended to such Animal products as the 
constituents of the Blood and of Urine, and to volatile and decom- 
posable Organic stibefanccs generally.^ By tUo careful prosecu- 
tion of Micro-Chemical inquiry, especially with tho aid of the 
Spectroscope (where admissible), the detection of Poisons audotlicr 
eubstances in very minute quantity can bo accomplished with 
such facility and certainty as were formerly scarcely conceivable. 

♦ ‘On the Mirrn.senpic C^mrachTS of the On«taIis of Arsenioua Aclil,' in 
** Trans, of Microbe. Society/’ V(»l. ix. (IHCl), p. 50. 

f “ Dab Mikroskoj) in der Toxikolojajh*/’ lsC5. 

t ‘On MicroHco])io Sublimates: niul especially on the Sublimntefl of the 
Atkaloidw/ in “Trans, of Thn.al Microsc. Hoc,/’ Vo), xvi. (1BG8), p. 1; also 

Pharmaceutical Jounml/’ Juno to September, Ur07. 
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‘ Kl!MKrtrf \L ATEinUUK’ AND ‘aN^.ULVR ArERTUJAE.’ 

The introdnctioii of the ‘ immornion rtyntem' )iaH rendered necessary 
a consitlerahle inodiiii’ation in the mode of determining the real 

* Ai>ortureH’ of Acdiromatic ( )h jectiven ; which were formerly esti- 
mated entirely hy their r<?sj>ective * nofflfs of aperture/ — such angles 
being (as formerly ex[)lained, § 10), those contained, in each case, be- 
tween the most diverging of tiie rays issuing from the axial point of 
an object, that can cnt(?r the lens and tiike part in the fonnation 
of an image. A careful investigation of the whole subject of 

* A^Kjrture,’ botli theoretically and practically, has of late been 
oarne<i out with the greatest ability by Prof. Abbe of Jena ; of 
whose important discovery of the dependence of ‘ resolving ]x>wer" 
ujH’m (/^/fraction — not w' fraction —an account has been alrea<ly 
given {§ 157). This investigation has enabled him to place the 
(luestion on an exact basis ; and not only to chjcir up a great deal 
tnat was formerly obscure, but to formulate a dcHnite principle for 
the comparison of ‘ immersion* with ‘ dry* or * air* objectives, which 
shows that the advantages obtainable rrom tin? use of the former 
are much greater than had been previously conceived. 

Prof. Abbe has also made an important contribution to the 
practical part of this inquiry, by the invention of an ‘ Apertometer" 
lor the jirecise measurement of angular ar>ertures,* by which more 
exact and dehnite results can be obtaint*d than by any of the methods 
previously in use : and he has further shown that a comparison of ‘dry^ 
and of * immersion’ lenses by their respective ‘ angles’ alone is so com- 
idetely fallacious, as to necessitate tW introductnm of a new scale 
of ‘numerical apt'rtures/ to which, as to a common standard, both 
could bo referred, — It is the object of this Addendum, in the first 
place, to oxjdain to the readers of this trearise the precise mean- 
ing of Prof. AbWs term ; and then to put Ix'fore them the new views 
in regard to the capacities of ‘ immersion’ Objectives, to wliich his 

♦ **Joura. of Boy, Vol i. (1878), p. 19. Another method 

doviftcd by Prtd. HamiUon JiJmitb {Op. cit., Val. it, 1879, p. 775), gives neflrly 
the mmt rysalts as that of Prof. AbW. And yet atnuther ha» been proposed 
by lir. Tolle# (Op. eit., Vo), ui., 18 ho, i). 887x who d^s»s not, however, give uny 
to question the sceuraey of iW, Al^'s instrument. ® 
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iuvestj^tioTis Lave led him. As (for obvious reasons) conclusions 
t)uly be here stateii. those who desire to master tiie train of 
reasoning by which those conclusions have been worked -out, are 
recommended to study the two most recent ex][)ositions of the 
doctrine ; ono given by Prof. Abbe himself in his Paper * On the 
Estimation of Aj^rture/ and the other by his disciple, Mr. Frank 
Crisp (one of %he Secrctarie.s of the Royal Microscopical Society), 
in his ‘N*otes on Aperture, Microscopical Vision, and the Value of 
Wide-angled Immersion Objectives ; contained in the Journal of 
the Royal Microscopical Society” for April and June, 1881. 

It can be easily demonstrated mathematically, that the ‘ aperture’ 
of a single lens used as a magnifying gla.ss — that is, its capacity 
for receiving, and bringing to a remote conjugate focus, the rays 
oTuanatiug from the axial point of an object brought very near 
tty it — is detemiined by the ratio between its absolute diameter (or 
clear ‘ opening’) and its focal lengtli ; while that of an ordinary 
Achromatic Objective, <*oinposed of several lenses, is (letenniued 
by the ratio of the diameter of its haul' lens (so far as this is really 
utilized) to its focal length . This ratio is most simply e.xpressed, when 
the medium is the same, by tlio siue of its Homi-angfe of aperture 
(sin n); an«l we hence see how different are the proportionate * aper- 
tures’ of different lemses from their proportionate ‘angles of aper- 
ture.’ For as the sine of half 18(F^, — the largest jKmsible thf‘orfitical 
angle, whose two Inmiidaries lieiu tin? sann? straight lino,— is equal 
to ratlius, and as the sine of half 60*^ is equal to J radius, it follows 
that a lens having an angle of 00^ has an a|Xirturo equal to half{bx* 
stead of being onlf ono-ih ini) of the theoretical inaximnm. And as 
the sines of angles beyond biPiticrease verj^ slowly, an objective whose 
angle is 120" will have (iust(?ad of only two- thirds) as much as 
about S7-10<)ths of the ajK^rture given l>y the theoretical maximum. 

. When, however, the medium in which the Objective works is 
not air, but a liquid of higher refracjtivc index — such as watiir or 
oil — an additional circumstance has to be taken into consideration ; 
for we may now have thr*M? antjUn of aperture expressed by the $mm 
numl>er of degrees, which yet denote quite different ‘ apertures.’ 
For instance, an ‘ angle’ of 90^ in oil will give a greater * aperture’ 
than one of 90^ in water ; and the latter a greater aj>orturo than 
90^^ in air. F<ft since, when light is transmitted from any 
medium into another of greater refractive index (§ 1), it* rays 
are l>ent towards the perj>endicular, the rays forming a pencil 
of given angular extension in air, will, when they pj^s into water 
or od, be closed-together or coftij^ressed ; no that in comparing 
(for instance) an object mounted in balsam with one mounted 
dry, the balsam angle, though much reduced, may neverthe- 
less contain all the rays that were spnjaii-out over the whole 
hemisphere when the object was in the dense medinm. It 
follows, ^esafore, that a given ‘angle* in oil or water represents an 
increase in * aperture* over the same angle in air, TTie amoont of 
3 1 2 
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tliia ixtoreaiw havaig hmi detennined by ^rot, Abbe to be fatopoar- 
tion^ in each case, to the index of mraction of the inteiposei 
meditixn, the comi>arative * apertom’ of lenses working in diffe- 
rent media are in the compound ratio of two factors,— ■&e 
sines of their respectiYe semi-angles of aperture, and ihe refractiTe 
indices of the interposed fluids. . • . 

It is the product of these {n sin tv) that mves wnat is termed 
oy Prof. Abbe the Numerical Aperture; wnich serves, therefore, 
as the standard of comparison not only between * immersion* and 
‘ dry* objectives, but also between ob 3 ective 8 of like kind. For, 
when the medium is the same, the factor (-») which represents the 
refractive index may, of course, be neglected ; the ‘ numerical aper- 
tures* of such objectives then being simply the sines of their 
re«>ectivo semi-angles. 

Thus, taking as a standard of comparison a ‘ dry’ objective of the 
maximum theoretical angle of 180°, whoso * numerical aperture’ is 
the sine of 00°,=radiufl or 1 00, we find this standard to be equalled 
by a * water’ immersion objective of only 90°, and by an ‘ oil* or 
* nomogeneouH* immersion lens of only 82° ; the ‘ numerical aper- 
tures* of th(*fte, obtained by multiplying the sines of their respective 
semi-angles by tlie refracuvo index of water in one case ana of oil 
in the other, being 1*00 in both. Each, therefore, will have as 
great a jKuvor of receiving and utilizing divergent rays, as any * dry* 
lens can even tKoorotically ^sscss, — an angle of nearly 70'*' being 
the limit of what is prat*ticaUy attainable. Bnt ns the actual angle 
of an ‘immersion’ Objective can be opened-out to the same extent as 
that of an ‘air’ objective, it follows that iho ‘aperture* of the 
former can be augmented far Jh yoad eve*ii the theoretical 
maximum of the latter ; the maxima <»f numerical aperture being 
1*62 for Oil'immci sion, and I'lUJ it>r AVater-iTinnersiun objectives, 
as against 1*00 for ‘diy;* and these being nearly attainable in 
practice.* 

So, if wc have four Olgectivos, two of which are ‘ dry,’ the third 
a water-immersion, and the fourth an oil-iiumersion, their aper- 
tures have hitherto been designatol. on the angular aperture 
notation, by (for instance) 47° and 74° air-angle; 85° water-angle; 
and oil-angle; so that it is difficult without calculation to 
judge of their relative apertures. By tlie nuineriqj^ notation, how- 
ever, the apertures of four are seen to be as *40, *60, *90 and 
1*30 ; so that a oompariaon is readily made, and it is seen whether 
the two latter havelaigcr or smaller ai>erturea than the maximum 
of a dry objective. 

This important doctrine may h6 best made practically intelligible 
by a comparison (Fig. 600) of the relative diameters of the hack lenses 

• A^tp. 8X6 of Vol. i., Sn. S (1881) of ** Joorn. of tlio Boy. Miciww. Soe.,” 
triUho foond a TaU*' cidcnUted by Mr. Sb of the EqiuTSlent Axigles of 

Apertnro of Dry, Wster-inmreiisiOD, and Oil ^or boioogeneovi») iaimorsion Olo^c- 
tivos, with their respective inamio&ting powers, Awd TlworetJcal Besolving 
pewt^s, for ©very O’Ci of NoiUericai Aperture, from (h40 to 1*62. 
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of * wilJi tJiose of * water’ and * oil* iiaiiiersioa Objeotiw irf 
i«a game pomr^ from an ‘ air*wigle’ ot 60 ® to an * oil-angle* of 
180 ®; these diameters eapreseing in each case* the openi^ 
between the eactreme pencil-forming rays at their issue from the 
posterior surface of thecombinaticm, to meet in its conjugate foous 
for the formation of the image ; the extent of tckUh omnmg 
reiaiion to focal length (not that of the rars entering the O^ec* 
tive), ia the real ineaeure of the Aperture of ilw combination* The 
dott^ circles in the interior of 1 and 2 are of the same diameter as 3 ; 
and therefore show the excess in the diameters of the back lenses of 
the *oil* and ‘ water* immersion-objectives, over that of the * dry* 
at their respective theoretical limits. 

Now this difference is capa- pjo 500, 

bio of being practically tested 
by a simple experiment ori^n- 
ally suggested by Mr. Stephen- 
son, and thus described by 
Prof. Abbe :r~“ Take any im- 
mersion-objective of balsam 
angle exceeding the critical 
angle, and focus it on a 
balsam-mounted object, which 
is illuminated by any kind of 
immersion-condenser, in such 
a way that the whole range of 
the aperture-angle is filled by 
the incident rays. IJemove the 
eye-piece, and place the pupil 
of the eye at the place where 
the air-image is projected by 
the objective, and look down 
on the lens. You see a uni- 
formly bright circle of well- 
dehn^ diameter, which is the 
truecross section of the imago- 
forming pencil emerging from 
the Microscope (for the eye 
receives now all frays which 
have been transmitted 
through a small central por- 
tion <» the object—that por- 
tion which is conjugate to the 
pujul — ^and receives no other 
rays). After this, focus the 

suiae objective on an ordinary j • i. u r;i 

dry*m0unted preparation (or on one which is connected with the slide* 
the oover-glajw being put on dry), and repeat the observation ; you 
will now se^ well-defined circle, a cross section of the emerg^i 
pencil, but cff has diameter than in the former case, sunroundea by 


1800 Oil-nnglc. 
(1*62 Num. Ap.) 


I 8 O 0 Water-angle. 
(1*33 Knm. Ap.) 


Air-angle. 
Waier-ia^fk* 
M2'* Oil^nffle, 
(1*00 Num. Ap.) 


07® Air-angle. 
(0*76 Num-Ap.) 


Air-angle. 
(0:30 Num. Ap.) 
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a dark anntiluB, visible by faint diffiis^ light oidy,”* The (^lamw- 
tion of this expmment is, that in focnssing an immemon- 
objective on an object with air above it (oc., between itself and the 
cover-glass), the under-surface of the cover-glass acts as the plane 
front surface of the system, converting it into a true * dry’ lens 
of ISO^ angular aperture, Which guthers-in alilost the whole 
Imtmphere of light from the radiant in air ; and yet the emergent 
pencil of rays is mnrh uiirrnwvr than when the same objective 
IS used as an immersion, and focussed on an ‘object in balsam, 
the extreme divergence of whose rays is not more than 1138^. 

A wide-angled ‘immersion’ Objective can therefore utilize rays 
from an object mounted in a dense rn(‘diiim, such as balsam, which 
are entirely lod for the image (since they d(» not exist, physically) 
when the same object is in air, or is observed through a him of air. 
And this loss cannot bo c(»mp<nsatcd-i'or by an increase of illum- 
ination ; becauMo the rays wliich are lost are di^crenf rays, 
physically, from those obtained by a!iy illumination, however 
intense, in a medium like air. 

It is by iucrcjising the number of ‘diffraction-spectra,’ that the 
rays admit tod from the object contribute to the ‘resolving power’ 
of the Objective for lined and dotted (dijects; the truth of the 
image foniiod by the recombinaticm of these spectra, being, as 
formerly shown {§ 1 57), essentially dependent ujx)n the augmenta- 
tion of the number which the objective can be made to receive. 

Upon the * aperture* of an objective are dependent (1) its illumi- 
nating power, (2) its resolving power, and (3) its penetrating 
ptiwer ;~-the first varying as the square of the eiumerical aperture, 
the second I >cing in direct, and the third in inveree proportion to 
the numerical aperture. 

Whilst I’rof. Abbe’# investigatirm has made it clear that the 
* aperture’ of an immersion objective may exceed the maximum of 
that of a dry objective, it is hardly necessary to point out that the 
act of the excess is a distinct <j[uesti<»u from that of the value of the 
excess for particular cases. As the jH'iietrating power of the ob- 
jective is diminished in proportion as the aperture is increased, it 
is seen tliat large apertures can €>n]y l»e obtained at the expense of 
a great reduction of penetration or focal depth, and consequently 
also of working distance,— qualities which are efscntiol in some of 
the most important kinds of Biological investigation; and the 
Author, therefore, still holds to the <»pinion, that for obtectivos 
intended to be uiiad for such pnrposea, ‘moderate angles’ are 
pref^abk ; objectives of wide angle iMjiiig kept for ‘ criticar 
investigations upon objects specially demanding their use. In this 
view he is ©ntii^y supported by llr. Ballinger, whose unrivalled 
experience in Biolojgicm work of the highest kind, entitlea his 
opxnion on such a point to the highest respert. See Frclace,pp. vi, vii. 

• the diisuiilar of th» jtendl muy l»e iwx'Utat^ly hy ffio uao 

of Stt eys-pieos IHcromotor » itb th** oiudiiiury Microscope^' of Prof. Abbe’s 
ApsftOttietric obreody referred to. 






HicBOscorJM* St0^ 

Mmr». WukovCs Nm Modd8,-^Amn form of Imm Oompoaiid 
MioroBcope J(I%- ) Jiw laAdy been brougkt out by Mmsts, 

Wftticm (dc Holbom), the peotdiaarity of which esseutaalfy eouftiste 
in this,— that the horizontal aadu on ^^ch it is pagaes 

through the ajdal point of the plane in whidi the^ject lies ; so 
that inclination of the body and stage — ^the source of light 
remaining fixed, — illuminating rays may be made to M on the 
object at any degree of obliquity. The mechanical stage in so con- 
structed (by placing the entire movement above the object plat- 
form) os to give it a tliinness not otherwise attainable with the 
power of making a complete revolntion. The mirror with its 
frame may be slipi>e<l off the swin^g arm that ordinarily 
carries it, and slid into a fitting on the foot, on which it can 
be readily centred so as to reflect light upon the centre of tifie 
s^ge, wnatevor may bo the inclination of the latter. And a 
fttrOier variety of illumination may be obtained by rotating the 
whole instrument on its toot, the mirror retaining its fixed position 
in the centre. — The principle of these ingenious arrangements is to 
give to the stage, and all that is above it, every variety of position in 
relation to a fixed source ot light, instead of varying the position of 
the light in relation to the object. — Experience adone can test its 
advantages over the old models. 

The above-named M^ers have also adapted a ‘ swinging sub- 
stage,* not merely to this large instrument, but to a smaller one 
on the scale of the * Student’s Micro8coi)e ’ of Messrs. Boss (Fig. 43) ; 
which is furnished, in addition, with a graduated disk: for 
the precise measurement of the obliquity given to the illuminating 
apparatus. Ha^itlg carefully examined this instniment, witn 
the Objectives suppiit I by tbe makers, the Author is able to speak 
favourably of its workmanship ; and would desire to add the name 
of Messrs. Watson to those of whose Students* microscopes he has 
spoken with approval at p. 80. 

Messrs. Stndenis^ Microscope. ---■Them excellent 

M^ers, having adopted tlie general plan of the * Wale* model 
(Fig. 44), of which the Author has spoken in terms of high com- 
mendation, have applied to it a new fine adjuBtm|int of their own, 
which gives to the ring that cairies the objective a very delicate 
and fttoady movement ;• replacing the iris-diaphragm of the Wale 
model with their own * calotte * diaphragm. 

M* O^i/VcfiVc-mmV.—Wery working Microacopist has 

desired a ready means of vaiyiug hia * powers,’ without the trouble 
of unscrewing one Obiective and screwing on another. This difficully 
has been poroy met by the use of the ‘ nose-piece* ; but this cannot 
be conveniently made (at least, in the case of the heavUy-mounted 
JEtnfiliah obi^tives) to cany more than two powers. By Messrs. 
Paa^ea, of Birmingham, os already mentionea § &S, sfidmg tubes 

* Sse of Boy Miercio Sec#,** Tot (18S1), p. td7. 
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irfbatikited for flor^we; bot iba nse of ibeia tmaxtm tho urith* . 
dra»w»i of the nose of the microscope to a c(msi<mra.ble dbtanoe 
above tbe sta^^The attention of M. Hachet having be«9i long 
direeted to this point, he has reoentljr brought out a loim cn 
* jKMie-objeotir (an improvement on a suggestion or%inally made by 
Frol. Thuryhwhich allows the change of objectives to be readilj 
made without as much raising of toe body mm the Bta|^ as is 
required iu screwing and unscrewing. It consists (Fig. 502) of a 
fixed inner cylinder, whose top screws into the bottom of the body; 
this being embraced by a movable outer cylind^ (a.), ^t is kept 
closely pressed up to its lower end by a strong spiral spring between 
the ‘two. The bottom of this outer cylinder is formed by a shoulder 
that is cut away for about one-fourtn of its circumference, so as to 
allow a collar (b) at the top of the objective to bo slipped into the 
opening as shown at c. When this is done, the obiective is held 
firmly m place by the pressure of the spring ; and all tlmt is needed 
to remove it is a slight pulling down of the outer cylinder, which 
enables the collar of the objective to bo slipped out a^m. The 
inner cylinder is snpplied by M. Nachet {when desirea) with the 
Society's screw ; and the ‘ collar* can be a^pted to receive either 
M. Nachet’s or any other Objectives. — Having been enabled, by the 
kindness of M. Nachet, to make a trial of this little apparatus, the 
Author is glad to bo able to speak most favourably both of its 
simplicity and its olfectivcness. 

Fio. 602. 
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Abbs, Prof., on Homogeneous immer- 
sion, 19 ; on DiflOraction-spectra, ISO 
— 191 ; on Penetration of objectives, 
196 7iote : on Numerical aperture of | 
objectives, 860; on Apertometer, 850. | 
Aberration, Chromatic, 11, 12. i 

Spherical, 9, 10. i 

— means of reducing and cor- ; 

recti ng, 10 — 16, i 

Absorption bands, 104 — 108. : 

Acalephay see Medmce, j 

Acanthoinctriimy 600. i 

AcarLda, 759, 760. I 

Acldya proliferay 300, 301. | 

AchnantheSy 354, 855. j 

Achromatic Condens^, 120, 121 ; use 
of, 171, 172. I 

Achromatic Correction, 13, 15 , ! 

Achromatic Objectives, see Objectives, i 
Acindina, 613 — 516. 

Acrocliiduf, spines of, 633. i 

Actinia, 624 ; thread-cells of, 624, 625. 
Actinocyclua, 349. 

AcUmninta, 699. ! 

Actimphry», 480—482. ; 

Actifwpip^tts, 860. 

Actinofpfia^rium, 483. ! 

Ac^imtrociia, 700 a I 

Actinozoa, 623—^27. 

Adjastment of Focus, 95, 162 — 165. i 
Adjustment of Object-glass, 15—17; ■ 
166—168. ! 
A^cidium tuMdayinis, S87. ' 

Agamic eggs, of Kotifexa, 536—687 ; | 
of Entoroostraca, 71^—716 ; of ! 
Insects, 767, 758. 1 

Affricn, circulation in larva of, 745. j 
Air- bu^les,^ microscopic appearances , 
of, 181 ; in microscopic preparations, * 
237, 269— 261, ' ; 


Albuminous substances, tests for, 249 
—250. 

Alburnum, 437, 446. 

Alcohol, as hardening agent, 242 ; as 
test, 250. 

ALcyfyaian ZoophytiSy 626 — 627. 

Alcyonidiu/iiy 654. 

Alo.€, higher, microscopic structure of, 
39.5 — 40l ; (see Protophyta). 

Allman, Prof., on Sarcode organisms, 
495 note; on Noctiluca, 5o7 ; on 
Peridiuium, 511 ; on Myriothda, 
610; on Tubularida, 617 note; on 
fresh -water Polysoa, 655 note; on 
Apj>endiculnria, 664, 665, 

Alternating Circulation of Ascidians, 
660, 663. 

Altenmiion of Generations, 623. 

A Ir col hi a, 552, 553. 

Aviarrintfiunf, seeds of, 465. 

Ambulacral disks of Kchinida, 631 , 

Amici, Prof, his early coustruction of 
Acbroiijatic lenses, 15, 17 ; his in- 
vention of the immersion system, 
18 ; his drawing Camera, 114; bis 
Prism for oblique illumination, 124. 

Amcdxi, 486 — 488. 

Amoeboids of Volvox, 290, 291, ; of 
protoplasm of Chara, 312 aoK; of 
protoplasm of roots of Moss^ 406 ; 
of Myxomyeetes, 389; of Sj^ges, 
603—60.5 ; of Polypes, &0., 

610 ; of colourless Bl<K)d-corpusc1ei,' 
786. 

Amoroticiuin, 659, 660. 

Ampki/Acura j^cUtLCula, resolution of, 
203, 204. 

A mpAdetcyina, 67 6. 

AmpkiUtra^y 353. 

Amplififrsy 100. 
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fomfttioQ of 

o^io, 127 ; in, m, 429, 

Amgiaiitif petiil of| 461. 

Aft«ro(^)oioi of (Bdogamum, 306. 

Anglo ii Aperture, 10 ; limitation of, 
m Bisto^nr, 42—45 ; its relation 
to Angular Apertnre, 101 noU; to 
Knaerioal Aperture, 850. 

An^ruHiula, 625. 

Angular Apeitare of Object-glasses, 
121 note ; its relation to resolving 
powfTi 188, 195 ; its real meaning, 
850 ; limits to its value, Preface, vi. 

AnfinU/erecg, 852, 358. 

AnUitie dyes, as staining agents, 247. 

Animal Tiisaes, formation of, 768 — 
767. 

Animalonlooage, 146. 

496; (see Infusoria, 
Monffitncoa, Bhiio}K>da, and Kotii'era). 

Animals, distinction of, from Plants, 
267, 268 j links connecting with 
Plants, 387—892. 

Aaniuna, 698—706 ; marine, circa- 
lation in, 698, 699 ; metamorphoses 
of, 700, 701; remarkable forms of, 
702 — 704 ; Inminosity of, 705 ; 

fresh- water, 705, 706. 

Annual layers of Wood, 443—445. 

Annular Ducts, 438, 439, 

Aksutamia, 693 ; — see Entozoa, Turbel- 
laria, and Annelida. 

Awodoa, shell of, 671 ; paraiitie em- 
bryo 682 ; ciliary aetioa on gills 
of, 682. 

Afunaia, fungi in shell of, 382. 

Awl, redf integumeut of, 724. 

Afiletfoa, development of, 646 — 649. 

Antennm of Insects, 738—740. 

Anthsoridia, of Chara, 311 ; of Mar- 
chantia, 404; of Mosses, 408; of 
Foma, 416 see Antherosolds. 

Anthorosoids, 275 ; of Volvoi, 288 ; of 
Vaneheiia, 222 ; of Bptoro^^ 

« 804| 806; of CBdogonium, 306; of 
iMnom, 811, 812 ; of Puei, 898 ; 
of Marehanthi) 404 ; of Mosses, 408 ; 
ofFii»%4I7. 

AnthttCi^ sltiMkire of, 461, 462. 

Anthony, Dr., on scale of Gnat, 185; 
on hatMoor aealos» 728 ; on tonguo 
oft|r,miiole. 

AmMUtmiii, soodi of, 465. 


Apartometezii 850. 

Apertnret Angular, aee Angular 
A^miiute; Numerical, 850. 

AjpA^s, agamio reproduotioa of, 757. 
Aphthm, fungus of, 882. 

Aplanatic Seatoher, 11 note, 

Apotheeia of Lichens; 828. 
Appendieidarm, 664, 665. 

Ay^c, cuticle of, 454, 

Apws, 712. 

Aquatic Box, 146. * 

Ahacukioa, microscopic forums of, 759, 
760; eyes of, 761; respiratory 
o^ans of, 761 ; feet of, ^61 ; spin- 
ning apparatus of, 761, 762. 

' ‘ " 551. 

.600. 

Aralia, cellular parenchyma of, 425. 
ArcelUty 489, 490. 

Archegouia, of Marchantia, 402; of 
Mosses, 408 ; of Fema, 416, 417. 
Archer, Mr., on zoospores of Desmi- 
diaocse, 81 8 nofe; on Chlamidomyxis, 
890 — 892 ; on Clathrullna, 484. 
Artnaeemii Foraminiferaf 658 — 568. 
ArenicoUiy 698. 

Areolar tissue, 789. 

Argulvs^ 716, 

AriHolockiay stem of, 450. 

Anemia^ 710, 713. 

Agraris, 694; fungons vegetation on, 
881. 

Asci, of Lichens, 393; ofFongi, 884, 
885. 

. <J58. 

Ascidianty solitary, 657, 658 ; OOXU' 
pound, 659—661 ; eocUl, 661—662 ; 
development of, 663—665. 
Asoogonia, of Fungi, 884 ; of Lichens, 
894. 

Aicomyceteg^ 385. i 
Aspbah^varnisb, 2l2. 

AgpMiecorfma of Triohoda, 525. 
Aspidiam, frucGfication of, 413, 414. 
Aipfc^Awu, 534, 535, 

Atlosto, 506. 

Aslmo^ akeleioQ of, 637 ; metamor- 
phoses of, 643, 644. 

AMtrolimprat 342. 

Aekrowtgiidmf 342. 

Asiroeiiiia, 528. 

Aiftnfkykm, 637 
Aslr^tss, 552. 
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of MoUnftks, 091; 

dovol(^ent of^ 69$. 

Aiikeomeutt S$2. 

Aoxoroores of Diatomaoeft, 3S8. 

Avtculot 01 ^ of, 670. 

Avioolaria of Polysoa, 666. 

Axile bodies of sAsory pspilW, 803. 
Axis-cylinderof Nerre-fibres, 802—804. 

A gttre*6Zuc butterfly, scales of, 727, 728. 

Sacillaria paradaxat 844; movements 
of, 339. 

BaciUui^ 309—871. 

Bacteria, 869 — 876. 

Bacteriastrum, 853. 

Badcock, Mr., on metamorphosis of 
Acinetina, 515. 

Bailey, I’rof., hie Diatoroaceous tests, 
204; on siliceous cuticle, 419; on 
internal casts of Foraminifera, 578 
note. 

Baker, Mr,, his Students’ Microscope, 
70; his Students’ Binocular, 79; 
his Travelling Microscope, 93, 94 ; 
his Pond^tick, 203. ^ 

Bcdame, metamorphosis of, 717, 718. 
Balbianl, M., on generation of Infu> 
Boria, 526—528. 

Balsam, Canada, see Canada Balsanj. 
BanJisia, stomata of, 967. 

Barbadoes, Polycystina of, 590, 001. 
Bark, structure of, 449. 

Barnacle, metamorphosis of, 717, 718. 
Basidia of Fungi, 384. 

Bat, hair of, 778; cartilage of ear of, 
795. 

Batrachoepermccc, 307, 308. 

Baitledoor scales of Polyommatus, 727, 
728. 

4t, 492, 493. 

Iteading of Diatom -valves, 831 — 384 ; 
of Insect-scniea, Dr. Boyston Pigott 
on, 729, 732. 

Beale, Prof., hia Pocket Microscope, 
92; his l^monstrating Microsco(>e, 
93; his use of viscid media, 2.62— 
255; hisvieirs of Tissae-formation, 
764—766. 

Beck, Messrs., their Bconomic Micro- 
scopes, 80; their Popular Micro- 
scope, 82; their Lat^ Componnd 
Mioticope, o91 ; their Improved 
ditto, 91, 92; their Achrostaite 


Condensers, 120, 121;tMrasiii^ 
meat of Polariidng appamtui, llS ; 
their Compressors, 150, 151 ; their 
Binocular Maenifl^, 223 note ; their 
Microtome, 229. 

Mr. Joseph, on scalee of Thysa^ 

nur», 729—732. 

Mr. Hichd., his Dissecting liQerO' 

scope, 57, 5S ; hb Disk-holder, 143 ; 
his Slde-Ecflector, 137 ; his Vertioai 
Illuminator, 140,. 141; on eoales 
of Thysanurw, 729 ; on Spider’s 
threads, 762. 

Bee, eyes of, 735—737 ; hairs of, 788 ; 
prolwscis of, 742; wings of, 751; 
sting of, 765 ; leproduction of, 758, 
Bcrg*mehl, 3<>1. 

Bermudo-earth, 3.50, 861. 

Bero^, 627, 028. 

1,352 ; gr«>wth of, 328 note; 
surface-marking of, 329 ; self-division 
of, 834, 386. 

Biguonia, seed of, 405. 

Biliary Follicles, 790, 797. 

Biloculim, 650, 

Binary subdivision, of Vegetable Cells, 
272—274 ; of Animal Cells, 765 ; 
see Cells, Animal and Vegetable, 
Binocular Eye-piece, 89. 

Magnifier, Nachct's, 68, 69 ; 

Beck’s, 223 note. 

M icroft(;o|)es, Stereoscopic, . 

principles of construction of, 29 — 31 ; 
advantages of, 42—40; Objectives 
Bui table for, 42—44; different forms 
of, Kachet’s, 33, 34 ; Wenham's, 34— 
30 ; StepheuBou’s, 30 — 39. 

Nou-Btereoscopic, Powell and 

Lealand’s, 98 ; Weoham’s, 99. 

Stereo-Pseud oscopic, Kachet’s, 

39-42. 

Vision, 29 — 32. 

iJjpmimnV larva ofStw-fish, 648* 
Bird, Dr. Gnldiiig, on prejMsmtion of 
Zoophytes, 019. 

BiBDfe,bone of, 709 j /eathers of, 780 ; 

blood oC 781 ; lungs of, 818. 
Biid’s-bead prucesses of Polysoa, 656. 
Bisnipbide of Carbon, mounting Dia-^ 
toms in, 348. 

Bivalve Mollufeks, shells of, 666—676. 
Black-ground Illominators, 126—129, 
175. 
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Bliidklmm, 0r., on Foea] Depth, 1 95 n«ie. 
Blftnkliy, Mr., his Selenite Stage, 133. 
Bknn^, tiviparons, scales of, 774. 
Blights of Com, 385. 

Bl(K»d, Absorption* bends of, 107, 108. 
Blood4isk8 of Verfcebrata, 782^786 ; 
mode of preseiring, 786 ; circula- 
tion of, see Circulation. 

Blood-yessels, injection of, 810—815; 
disposition of, in ‘different i^artK, 
816-819. 

BockeUDamp, 166. 

Bone, structure of, 767 — 770 : mode of 
making sections of, 235—239, 770. 
Bones, fossil, examination of, 832. 

, 061. 

jH$t of Silkworms, 877—889. 
Botterill, Mr. , his Orowiiijj-slide, 144, 

‘ 1 ; hi.s Zoopb>‘te*trougli, 

“ ‘ , 054. 

630, 540, 

BRACfiioPonA, Shell-fctructure of, 678— 
675. 

Brady, Mr. FT, B., on Saccanimina, 560 ; 
on Loflusia, 56 7 ; on (Bobigorina, 
671. 

Brsithwaito, Dr., on Sphngnacere, 412. | 
JBraiichwpodii , 710—712. j 

Branrhipui, 718. ! 

Braun, Brof, on development of 1 
Pediastrew, 322—325. 

Briitan, Dr., on Fungns germs, 883. 
Brownian Movement, 182. 183. ' 

Browning, Mr., bis Platyscopie Leas, i 
24; hb smaller Stephenson Binocular, I 
85, 86 ; his Rotating Micros<;opt\ 78 , ! 
his Mloro*Sr^ctrdsooj>e, 104— l<i7. j 
Bryosoo, sec Poltzoa. j 

BicdnmL, paiatc of, 681 ; egccap- j 
sales of, 6 S3 ; demlopment of, 686. j 
JBucWiorrtt stem of, 444. | 

Bufff^ 723; winjpsof, 752. I 

Bvtq^ dtvi^ulttrw, 656, 657. j 

Bai)t*op Cells, 218. j 

Bulbels, of Gbara, 810 ; of Marehantia, ! 

408, 404, I 

BMlrntmt, 672. ! 

Bollb-Byo Condenser, 136, 137 ; use 1 
176— US. I 

BvvMt} stem of. 451. j 

Busk, Mr, d., on volvox, 2S5— 289 ; on 
Pciyiaa, 655-657. j 

Bn^nrdiss, tee Lepidoptera. ^ 


Cabinet for Mioroseopic Anpftratus, 
164; for Objects, 282. ‘ ♦ 

Cacao-butter, for imbedding, 233. 
Cactug. raphides of, 435* 

Oslcaire Qrossier, 824, 826. 

Calcareous Deposits, organic origin of,. 
' 828, 829. f» 

Calcareous Sponges, 606. 

Cnlcarim, 574. 
f alycanthwt, stem of, 450. 

Caljptra of Mosses, 408. 
Cambium-layer, 449, 450. 

Camera Lucida, 112 — 115; use of, in 
Micrometry, 116. 
nmp(inul(tr’id{t^ 617. 

^xnipylodhcuit^ 345. 

j Canada Balsam, use of, as Cement, 212, 
j 236—238 : mounting of objects in, 
261, 257, 258. 

Caualiculi of Bone, 768, 769. 

Canal- system of Foraminifera, 549, 

1 574—584. 

j Capillaries, circulation in, 804—810 ; 

! injection of, 812 — 816 ; distribution 
i of. 816—819. 

Capsule of Mosses, 408. 

Carbolic Acid, as preservative, 251 ; 

use of, for dehydration, 258. 

Carmine, as staining agent, 246; in- 
jection with, ftl4, 815. 
scales of, 775. 

( 'arpienteria, 572. 

Carrot, seeds of, 466. 

Cartilage, structure of, 795, 796, 
(\iryophylliaj 624. 

("aryopkyllunif seeds of, 465. 
Caterpillars, feet of, 755- 
stem of, 446. 

Cells for mounting objeets, 214 — 218 ; 

mounting objects in, 253 — 261. 

Cells, Animal, formation of, 765 ; binary 
sobdiviahm of, 35, 795 ; in Protoxoa, 
468, 479, 482, 488, 499—508, 510, 
512, 621, 624. 

Vegetable, 269—272 ; origin and 

multipUoation of, 272—274 ; binary 
subdivision of, in Ptfotephyta, 276, 
278, 287, 293, 303,816-417*384 ; . 
in Fhanerogamia, 423 — 427 ; cyeloeb 
in, 809, 314, 427—481 ; thickening 
«iepo«u in, 431 — 488; ^inl de^ 
posits in, 483 ; st'urcb^gmina in, 
434, 485 ; raphides 485. 
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Oellttlar JPiMra«, Aaimal, 789 Ytgt- 
•table, ordinary forms of, 423—427 ; 
stellate, 425, 426 ; formatiou of, 427. 
Cellulose, 270 ; tests for, 249, 250, 
Cements, Mieroscopic, 211 — 214. 
Cement-Cells, 2141 
Cementum of Teeii, 772. 

Ckphaiopoos, shell of, 677, 678 ; 

chromatophores of, 693, 

Cemmiacfit, 399. 

OeratluWy 512, 513. 

CereomonaJi^ development of, 501, 502. 
Catoid Entoioa^ 693, 694. 

(liaslocereir^ 853. 

C1i(SiophoTa(tm, 806, 307. 

Chalk, formation of, 825—828. 
‘Challen^jer’ Expedition, use of tow-net 
in, 265 note; collection of Globigerina" 
in, 569, 570 ; observations in, on 
Batliybius 492; on deep-sea sedi- 
ments, 833, 834. 

(^hamcem, 308—312 ; cyclosis of fluid 
in, 309, 310; multiplication of, by 
gonidia, 310 ; sexual apparatus of, 
310—312. 

Cheilosiomata, 655. 

Giemical Microscope, 9.5—97. 

' - Ro-.^euts, 249, 250. 

Chemistry^ micruscopic, 848. 
Cherry-stone, cells of, ^2. 

Ohilodon, teeth of, 519 ; self-division 
of, 521. 

Chirodota, calcareous skeleton of, 041, 
642. 

Chitine of Insects, 724. 

Chlamidomyxi^^ 390 — 392. 

Chorpid, pigment of, 791. 

Chromatic Aberration, 11, 12; raean.s 
of reducing and correcting, 13 — 18 ; 
residual, in high-angled Objectives, 
206. 

Chromatophores of Ctphatopods, 691. 
Chromic acid, as solvent, 240; use 
of, for hardening, 242. 

Chyle, corpnaelea of, 785, 

Cieakowski, on Myxomycetes, 890 ; on 
Noetiioca, 510. 

Ckkm*^ spines of, 624. 

CUkry action, nature of, 516 ; in Fro- 
twbytes, 298 ; in Ittfasork, 516 ; on 
gips of HoUnsks, 689 ; on epitheiinm 
of Vertebmtfi 798. 

516, 


OiUo^(foeU<ti<tf 511—513. 

Circulation of Blood, in Vertebrata, 
804—810; in Insects, 745, 746; 
alternating, intTunioata, 65$, 662. 

Circulation, Vegetable, see Cyclosis. 

Cl metamorphosis of, 717, 718. 

CWocem, 712. 

Clark, Prof. H. James, on flagellate In- 
fusoria, 504 ; on Sponges, 604 note, 

Chthrulina degam, 484. 

ClaveUinulw, 661— 663. 

Cleanliness, importance of, to Micro- 
scope, 159 ; in mounting objects, 261. 

Clematis, stem of, 443, 452. 

Ciosteriuin, cyclosis in, 314 ; binary 
sulxli vision of, 315, 816 ; conjogation 
of, 318—320. 

Chjpt aster, spines of, 684. 

I Coal, nature of, 821— 823. 

I Coalescence, molecular, 845—848. 

I Cobweb- Micrometer, 108, 109. 

CtK’CoUtbs and Coooospbores, 492, 493, 
827. 

(^oeconeidw, 354, 

Voii'chafer, cellular integument of, 
724 ; eyes of, 736 ; antenna of, 789, 
740 ; spiracle of larva of, 748, 749. 

Cockle of Wheat, 695. 

Coddington lens, 23. 

('rnhsiga, life-history of, 504—506. 

(\denierata, 468. 

Connrus, 693, 694, 

Cohn, Dr., his researches on Protococens, 
277— m j on Volvox, 287—289 ; 
on Btepbanoapha*ra, 289»ote; on 
Splueroplea, 304 ; on Schizomyoetes, 
367, 368; on reproduction of Botilsra, 
437 ; his cultivation-solution, 867 note, 

1 Cdeoptem, integument of, 724 ; anttn- 
D» of, 788, 789 ; mouth §f, 740,741. 

Collection of Objecte, general dire^na 
for, 262-265. 

Collins, Mr., his Harley Blnocalar, 
82—84 ; his Eye-piece caps, 83 ; his 
Students’ Microscope, 71 ; his 
Graduating Diaphragm, 120, 122. 

Collomm, spiral flbres of, 433. 

CoUozoff, 600. 

Colonial nervous system ofPolyzoa,653. 

Colourless corpnscleg of Blood, 784, 785. 

Columella of Mosses, 410. 

Co»Kilu5«,iimtsmorphosisof,646«^649 ; 
nervous system 4^, 802. 
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Comp^nu^ Microieopei opUeal pdcd- | 
piM ol, 25-«29; tneoh&oical eon- I 
ftm^Aofy 47— *60, 61, 62; Bdaoa> 1 
tioAftt, 63—66 ; StodwitB^ , 66—80 ; 
Bec(»»d claw, 80—87 ; Pi»t olasa, 
87—02 ; for«peoialpiirpoie»,02 — 09. 

Oompreuor, 149—161; am of, 168, 169. 

Co&caTC lenMs, refraction by, 7,8 ; uae of, 
in Adiromatie oombinatlons, 18 — 17. | 

Conoeptacles dt Marchantia, 403. 

Concretioni, calcareon*, 846 — 848. 

CoodeoMra, Achromatic, 120—122; 
Webater, 121 j Swift’s new combina- 
tion, 133. 

~ — for Opaque objects, ordi- 

nary, 186 ; Bull’8*eye, 136 ; mode 
of ufinjf, 176—178. 

Cw^ervacccty 302 ; flolf-division of, 803; 
aootporeB of, 804 ; sexual reproduc- I 
tion of, 804, 305. i 

Conidia of Fungi, 884. 

Ooniftrmt peculiar woody fibre of, 437; 
absence of ducts in, 443 ; structure 
of stem in, 446, 447 ; pollen-grains 
of, 464 note,' fossil, 821. 

ConjagatciPf 282, 283. 

Conjugation, of Palraogitca, 277 ; of 
Besmidiaoem, 818, 819 ; of Diato- 
raacesp, 386— *388 ; of Conjugate®, 
282, 283 ; of Monadina, f>00 -503 ; 
of Noctiluca, 611 ; of Vorticelliua, 
628;—8ee Zygosis. 

ConnecuTe Tissue, 789 ; corpuscles of, 
766, 788, 789. 

Contractile vesicle, of Volvox, 285 ; of 
Actinophrys, 480 ; of Amcnba, 487; 
i^lnittSoHa, 497, 521. 

Conven^on of Eeliefk 81, 32, 40, 41. 

Convex lenses, refraction by, 4—7 ; 
formation of images by, 8. 

C&pepoda, 711. 

Coquilla^nat, cells of, 432. 

Coral, cutting sections of, with .animal, 
289. 

CmtUina, true, 401 ; Zoophytic, 617. 

Corfc, 449. 

Com, blights of, 885, 695. 

Ccmigraliis, husk of, 467 . 

Oomt, ftmeture of, 793. 

€bnMt«»^*850, 

Oo^Ytsclea of Blood, 782—787. 

Correetinii of Object-glaiftoa, for 
^helical Aberration, 11, 12^ 206 ; 


for Chromatdo Aberration* 13, 14, 
206 ; for thickness of covering gla&, 
16, 16, 165—168, 

Cormodiscco?, 347 — S49. 

Comariam^ binary aubdiviidon of, 816 ; 
conjugation of, 319 ; development of, 
319. c 

Cover-correction of Objectives, 15, 16, 
166—168. 

Covering-glass, 209—211. 

Crttbf Bbell'Structure of, 719, 720 
metamorphosis of, 720. 

Crabro, integument of, 724, 

Crag- Formation, 828. 

Cnckcf^ gastric teeth of,- 744; soundi; 
produced by, 751. 

Oriiioidca^ skeleton of, 637 ; metamor- 
phosis of, 647 — 649. 
rUtatdldy 655. 

(Mdtilaria^ 568. 

Crouch, Mr., his Educational Micro- 
scope, 6S, 64 ; hia Students’ Bino- 
cular, 78 ; his stage-centering adjust- 
ment, 92 ; hU ^apter for Beck's 
side reflector, 188. 

Cruata Petrosa of Teeth, 772. 
CiingTAcEA, 707 — 721 ; lower forms of, 
707 — 709; Entomostracous, 709 — 
715; Suctorial, 716; Cirrhi]^, 
717, 718; Pacapod, shell of, 719, 
720 ; metamorphosis of,’ 720, 721. 
CitypToGAMiA, general plan of struc- 
ture of, 896, 421, 422 ; — see Proto- 
phyta, Alga?, Lichens, Fungi, Hepa- 
tic®, Mosses, Ferns, Ac. 
Crystallisation, Microscopic, 840, 845, 
Ctenoid scales of Fish, 774, 775. 
(\tnophom, 627—629. 

Culture of Protophytic Fungi, 146 wefc, 
367 ; of Flagellate XnfuMiia, 504. 
Varcid(onid<e, scales of, 725, 784 ; 

elytra of, 734 jrfoot of^ 764, 

Cuticle of Animals, 791 — 793. 

of Equisetace®, 419 ; of leaves, 

456. 

Cutis Vera, 789, 790. 

CuitU-fifhy shell of, 677, 678 ; chroma* 
tophore of, 691. 

Chfoidkmy S(^8 of^ 466. 

Vydemmina^ 564. 
i^l^clodypemy 549. 

Cycloid seales of Fish, 374—776. 

I 711, 712 ; fertility of, 714. 
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Cyolosis, ^ Vegetable cell*, 271 ; in 
t?l(*»teriuiii, 314 ; lu Diatomaceapi, 
32G ; in Ohara, U0^>, 310 ; in cell* 
of Phatierogamia, 427 -431 ; iu 
Bhizopo^is, 474. 

Cydippe, 027, 028. 

Cpn.Mlr<t, 350 . • 

C'ympkUr^ ovipositor of, 755. 

()/prij(, 710. 

€y}>rm, structure of shell of, 076. 
Ci/»tie Entozrn^ GP3, 004. 

CyMicerem^ 093, 094. 

Cytherina^ 710. 

Dactylofolyx, 008, 

Dallinger, Mr,, on flag^'llmn of Bacto- 
rium tenno, 309; hisf Microst-opo 
Lamp, 150; •m qualities of (Jbjeetives, 

193, 197, Preface, vi , vii. 

Ballinger anti Drystlale, their researches 

on Monatlina, 499 *'504. 

JDallaifjerlii f)iyxd*di, 499, 500. 

Dalyell, Sir J. (4., on (lovelojuneut of 
Medusae, 020 --022 
Baiuinar-Varnish, 212, 250. 

Ihtphnin, 712 -"I 4. 

Barker’s Selenites, 1 32. 

Bavioa, Mr,, on Microscopic Crystal- 
lization, 840—842 note. 

Bawson, Dr., on Eozt)o|^ 588. 

Beane’s Gflatine, 253. 

BcBfiry, Dr ,ou Myxt»mycetes, 390 note, 
Decalcitication, 240. 

JUemptni Cruiffocfa^ shell of, 719, 
72U ; metamorphosiH of, 720, 721. 
Befiniug power of Objectives, 192 — 

194, 200. 

Behydralion, by Alcohol, 233, by 
Carbolic Acid, 258. 

Bdsaulx, Eev. J., ou Brownian move- 
ments, 183 note. 

Ikmodex foUkuJ.om%^ 700. 
Bemonstratini: Microscope, Beale’s, 93. 
JJendrithm y 551. 

Dcndrmim, teeth of, 831. 

Bentine of Teeth, 771 —773. 
Depressions, distinction of from eleva- 
tions, 180- 

Dermetftety hair of 733. 

DesiccaUon, tolerance of by Broto- 
pbytes, 281 ; by Infusoria, 503,604, 
626 ; by Rogfera, 537, 538 ; by 
Kittomcditraca, 713. 

3 


JDem.uUaeetry general utmoture of 812 
—314 ; cycloais in, 3U ; binary sub- 
division of 316—- 317 : formation of 
gofiidiain, 318; conjugation in, 818, 
819; olassifioatiott of, 319—821; 
collection of, 321, 822. 

IkutzHiy stellate hairs of 456. 

Development, of Anuelids, 790 — 704 ; 
of Anodon, 682 ; of Ascidians, 663 ; 
of CirrhijHL'ds, 717, 71 S; of Crab, 
720 ; of Desmiiliaoem, 318 ; of Biato- 
lufM'cie, *^34“ 337 ; of Kchinoder- 
mala, 642—649; of Embryo {Ani- 
mal), 468, 609 ; of Embryo (Vege- 
table), 421, 422 ; of Rntomtistraca, 
715—717 ; of Ferns, 418 ; of Oaste- 
ro|*o<l«, 683 -- 689; of Insects, 758, 
759, of Leaves, 427; of MtHiusm, 
614— 622; ofMitsses, 410; ofNudi- 
branchiattt, 684 ; of Palinoglfea, 276 ; 
of Pollen grains, 462: of Frotoooc- 
cus, 278 ; of Si)t)nge8, 605 ; of Btem, 
4.50 j of Vegetable cell, 272, 273 ; 
of Volvox, 285- 287. 

Biagimul Beales, 111, 116. 

ltinmouddHrtl(\ scales of 725 ; elytra 

of, 734 ; fM>t of, 753. 

Diaphragm Eye [)iece, Black’s, 112, 

Diaphragm Plate, 118 — 120. 

Dinlitunty 34.3. 

JJialomar.ta^ general structure of 82.5— 
.‘>27 ; Hilicilied valves of 327—329 ; 
surface markings of, 329 — 334; 

binary subdivision of 334, 335 ; 
conjugation of, 336—338 ; gouidia 
of, 337 ; aux(»»pore8 of, 338 ; move- 
ments of, 339; classifi cation of, 340 ; 
general habits of, 360, 361 ; fos- 
silized deposits of 361, 362, 823 ; 
colicctioB of 362—304 ; mounting 
of, 305, 300 

Diatoms, as Tests, 202 — 205,329—334. 

Biebroism, 844. 

Bicolyledunous Stems, structure of 
442—451, 

Dirtyoloina, seeds of 406. 

fJulemnlam, 600. 

IHdymopriuTfiy .321; self divUuoii of, 
318; conjugation of 319. 

JEffiuffiu, 4S9, 490. 

Bilfraction, errors arising from, 184—- 
186; production of microtoopvci 
images by, 186— 19L 
KL 
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Dipbih^rU, fungui of, 382. 
Dtppiiig'tttbea, 151, 

IHptera, mouth of, 742; h&Ueres of, 
752; ovipoaHors of, 756. 

XHneorUiML, 573. 

Dlsk-hoWer, lleck’fl.1 43 ; Morris's, 144. 
Disk-Uluminator, Wenhnm’s, 123. 
Dispersion, chromatic, 11, 12, 
Disseotim? lustruraents, 224 ; Trough, 
223 ; Mi<’ro«cope8. 53 — 60. 
Dissection, Microscopic, 223— 22.’>. 
Dutorna^ 606. 

Doff, epidermis of foot of, •792. 

Do^^ palate of, 680 ; apnnilo8 of, 
676,677 ; development of, 6S3, 684. 
Dorsal Vessel of InsecU, 745. 

Double staining, 2 48, 
Doablet,Wolla«t*oirH,22 ; SteInheiVs, 24. 
Drofftm-fij, eyes of, 736; larva wf, 
745-7*49. 

Drawing Apparatus, 112 — 116. 
Draw.Tuhe, lOl. 

Dropping li<»ttle, 254. 
f>ro»eni, hairs of, 456. 

Dry*inoiinting of Objects, 214, 218. 
Drysdale. Or., st-e DulUnger. 

Ducts, of Plants, 438, 439. 

Dnjarxlin, M . ,on .Snroode of Foraminifera 
ko ,206 : on Uolifera, 53iN 541 . 

Dunning's Turn-Table, 220. 

Duncan, Dr., on Fungi in coral, 383. 
Durstuen, 445. 

X>ytwnM, 6K>t of, 754; trachea and 
spiracle of, 748. 


JRagU'D<xy^ teeth of, 772 
wings I'f, 751. 

jEtecrwiocarpa^j, seeds uf, 466 

shell of, iVMi <»3l ; ambula- 
cral disks of, 631, 6.32 ; spines of, 
632—634 ; j>cdicelluriH» 635 ; 
t««th of, 6.35, 636 ; meUmorphoais 
of, 644, 645. 

BcHliitOT>Bni«A’rA, skeleton of, 630-— 
686; ii»etamv>rpho8e8 of, 642—646. 

Behioai-apines, catting secti.ms of, 
W-23l\ 638-640, 

JSctQc^irp(ne<tt 396. 

Betoderm, 468. 

Botoaaro of Hhitopwls, 475, 486. 

Kctupi«*m of Vegetable cell, 270. 

lIMmftttds, Dr., bis immersion -parabo- 


) loid, 127 ; bis parabolized gas-slide, 
I 148. 

I Educational Microscopes, 63 — 66. 
j Eel^ scale of, 775 ; gills of, 817. 

; Eels, of paste and vinegar, 695. 

{ Eggs of Insects, 757 ; —see Mluter-eggs 
1 Egg-shell, fibrous structure of, 787 
calcareous deposit in, 846. 
Ehrenberg, Prof., his rtMcarches on In 
fusoria, 496, 497 ; on liotifcra 
I 496 ; on Polycystina, 596, 602 , oi 
! composition of Greensands, 577 note 
I 829. 

; Elastic Ligaments, 788. 

Elnters of Marchantia, 405. 
i Elementary Parts of Animal body, 76i 
I — 767 ; — see Ti.ssues. 

Elevations, distinction of, from depres 
sions, 180. 

Elytra of Beetles, 751. 
j Embryo, see Development. 

Embryo sac of Phanerogamia, 423. 
Empasn mmei, 379. 

Enamel of Teeth, 772. 

Encrinites, see Crinoide.a. 

Encysting pr(»ceKs. of Protophytes, 28 i 
[ - -281 ; of Infusoria, 622—526. 

End-bulbs of .sensory Nerves. 803. 

I Kndochrome, of Vegetable cell, 270 ; o 
I DiatoDiacere, 326, 
j Eniloderm, 46o. 

; Endoijeiiitus Stems, structnre of, 441 
1 451. 

Endoplasm of Vegetable cell, 270. 
Endoaarc of Kbizopod-s 475, 486. 
Endosperm of Phanerogams, 423. 
Entrrobrym, 380, .381. 

Entomostmea (CrnsOicea), 708—715 
classification of, 710 — 713 ; repro 
ductionof, 713-715. 

BnWphytic Fungi, 385, 386. 

En4o2(m, 693- 696 ; Crgtoid, 693 
Cysttc, 693; Neiaatoid, 694, 695 
Treraalode, 696. 

Eosin, as staining agent, 247. 

BoSiUC Limestone, 830. 

Eozo^n CanaHeme., 587 — 592. 
Epkemera, larva of, 723, 745, 749. 
Epbippium of Daphnia, 714, 715- 
Hpidennijs, Animal, 791. 792. 

' Vegetable, 453—457. 

Epitbelium, 792 ; ciliated, 793. 
Epithtmia, 341; <a»D|ugattott 336. 
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SqumUmcR^ cuticle of, 418 ; epores of, 

•419* ^ 

Erecting Binocular, see Stepbeuaon. 

Erecting Prism, Naebet’s, lUS. 

Erector, Lister's, 101. 

Errors of InterpreUtion, 179 — 185. 

Eughim^ 506. ^ 

Eunoliem, 341. 

Euplcctella^ 608. 

Eturgalc, t^keleton of, 63 7. 

Ewart, Frof., on 371 — 373. 

Exogenous Stems, structure of, 441i — 
451. 

Eyes, care of, 158, Preface, ix, x. 

Eyes of Mollusks, 690, 691 ; of Insects, 
735—738 ; of Trib.bitc, 830. 

Eye-piece, 27 ; fluyglieniHii. 27, 28 ; 
Kellners, 28, 29 ; solitl, 29 ; KamH- 
deii’s, 29 ; Binocular, ;>9 ; Erecting. 
103; Spectroscopic, 104 ; Micro* 
metric, 109—111 ; Diaphragm 112. 

Collins’s shaflcs for, 83. 

Eye>piecmg, deep, diHadvantage of, 
161, 162, Preface, ix. 

Falconer, Dr., on bones of 6>ssil Tor- 
toise, 832. 

Fallacies of .Microscopy, 179 — 1 85, 

Farrant’a Mediuoj, 253, 266. 

Farre, Dr. Arthur, hij> reseaiohes on 
Bowerbankia, 654. 

Pat-oells, 794 ; capillaries of, 816. 

Featbers, structure of, 7/7, 78n. 

Feet of Insects, 752 —754 ; of Spiders, 
761. 

Fermentation, influence of vegetation 
on, 376, 376. 

Fxsas, 412— 418 ; scalarjfortD ducts, 
of, 412; fructification of, 412 — 
414; spores of, 414; protballium 
of, 415 ; antheridbi and ardtegonta 
of, 416, 417 ; g€i|?ratioB and deve^ 
lopment of, 417, /iS. 

Fertilisation of ovule, in Flowerirjg 
pkuta, 422, 464. 

Fibre-cells of anthers, 462 ; of seeds, 
432—434. 

Fibres, Muscular, 798—801. 

— Nervous, 801 —803. 

— Spiral, of Plants, 432—434 ; 

487^^9. 

Fibrillm of Mo»le, structure of, 798. 

Fibro-OariUagC796. 
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Pibro- Vascular Tissue of Plants, 4S6. 

Fibrous Tissues of Animal#, 787—789 ; 
formation of, 766. 

Field’s Dissecting and Mounting Micro- 
scojMj, 59, 60 ; hia Educational Mi- 
croscoi>e, 63. 

Filiferous Capsules of Zoophytes, 624. 

Finders, 117; Maltwoo/l’s, 118, 

Fine Adjustment, 48; use.s of, 162— 
164. 

Fishks, bone of, 769, 770; teeth of, 
771, 772; scales of, 774—776; 
blood t;f, 782 — 7S4 ; circulation in, 
807 ; gills of, 817. 

Fishing tubes, 151. 

j Flagella, of Protooocciis, 279 ; of 
I Volvox, 281 ; of Bacteria, 369. 
i AVaf/e/^rthi (infusoria), 49.^ — 511; their 
relation tt> .Sponges, 603. 

Flatness of fiebl of Ubjeciivcs, 195. 

Flints, organic structure in, 827 ; ex- 
amination of, 82H, 

Flint Glass, dispersive power of, 13 ; 
u.se of, in Objectives, 17, 38. 

FloriAcer, 399, 

FlifHrularidfLSy 538, 539, 

Flowers, small, as Microscopic objects, 
460; structure of parts of, 460 — 
464. 

Fluid, mounting objects in, 258 —261. 

Flukr, 696. 

fluntra, 650—654. 

i'Vy, fiingifus (iis<yw>e of, 370 ; number 
of objects furnished by, 722 ; eye of, 
736; circulation in, 746; tongue of, 
742 ; spiracle of, 748 ; wing of, 

) 750; foot of, 753; development of, 

I 759. 

I Focal Adjiivtmont, 162 — 165 ; error# 
) arising from imperfection of, 180— 

I 183. 

I Focal Depth of Objectives, 194; in- 
t crease of, with Binocular, 45. 

I Follicles of Glands, 797. 

I Foot of Fly, 753; of Dytiaco#, 754; 
of Spider, 761. 

1 FoaxHisiKBRA, 543 — 592 ; their wtla- 
I lion to Rhixopod#, 476, 544 ; their 
general structure, 544 — 549 ; per* 
ccllanons, 549 —558 ; areaaeeoas, 
558—568 ; vitreou#, 568—592 ; 
collection and mounting of, 598— 
595 ; foaitU depcMuts of, me Vem\l 
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VmVBawtmi mode of seo- 
iim of, nm, 

158; Stege, 142 ; Slider, 221. 
wiiijsi oif 7 5i, 

Formed H»teii&l, Pr^ Beale on, 764 — 
760. 

Foseil Bone, S32. 

Piatoms, 361—363, 828, 824. 

^ Foraminifora, 552, 553, 660, 
565—567, 575, 580—598, 823—830. 

Radiol'iria, 596, 

— — Sponges, 826, 827. 

^ Teeth, 831, 832. 

Wood, 446, 448, 820-823. 

Fowl, lun^ of, 818. 

Fragilla/rieipf 342. 

Free Cell fonuation in Plants, 272, 273. 
Freezing Miorotome, 229, 23'!. 

Frftff, blood of, 783 — 786; pip;raent 
cells of, 791—792 ; circnlfition in 
web of 804— 8(}(5 ; in tongue of, 
806 ; in lung of, 806; structure of 
lung of, 817, 818. 

Fructification, of Ohara, 310 — 812; 
of Fuel, 397 —399 ; of Flurideaa, 
899—401 ; of Liehens, 393; of 
Fungi, 383, 886 ; of Marchantia, 
404, 405; of Mosses, 408 — 410; 
of Ferns, 412- 418 ; of Equisetaceie, 
419 ; of Lycopodiaceai, 420. 
iPttcofciT, 393 — 399 ; sexual apparatus 
of, 397 — 390 ; development of, 399. 
Fukoi, relation of, to Algie, 275, 367 ; 
to Animals, ,>67, 388 — 392 ; P"* 
Lichens, 393 ; siinp.cst forms of, 
367—877; in bodies of living Ani- 
luala, 377 — 382 , iu substauce, ur 
on surface, of Plants, 385, 386 ; 
atnooboid states of, 388, 389 , uni- 
versal diffusion of sporules of, 373 
— 383; culture of, 145 note, 367, 
P«i'cu/<irtan«, 540 
575, 576, 

€fad',Aita, ovipositor of, 766. 

(MllfiiH,. ovipositor of, 755. 

6aili of Plaols, 756. 

0AngUaQ'Oellff, 891. 

Qanoid »cale» of Fiali, 776, 
OiJiYXRorona, structure of siiells of, 
676; palates of, 678—681; deve- 
lopment ofi 6SS— 689; organs of 
691. 


Oastroli* 408. 

tH»4 838 mte, 

Gelatine, see Gljre^rine Jelly, 

Gelatinotw Nepve three, 802. 
Generation, distingnieh^fromOTowtlj, 
278—275; iu Cryptogams, 421; ia 
Phanerogams, 422. 

Geology, applications of Microscope to, 
820—835. 

(rm»nttw»-petal, peculiar cells of, 460. 
Germ cell of Cryptogams, 421 ; of 
Phanerogams, 422. 

Germinal Matter, Dr. Beale on, 764. 
Gills, of Mollusks, ciliary motion on, 
689, 69f) ; of Fishes, distribution of 
vessels in, 817 ; of Water-newt, cir- 
cttlation in, 807. 

Gizzard of Insects, 744. 

Glands, structure of, 796, 797. 
Glandular woody fibre of Conifers, 437. 
Gla&s Slides, 208, 209. 

Stage-plate, 144. 

Thin, 209-211. 

Olaucium, cyclosis in hairs of, 430. 
Glohiytrina, 569 — 571. 
Globigerina-mud, 569 ; its relation to 
Chalk-formation, 825 — 829. 
Glohiymmda, 569 — 576. 

Qlochidium, 682. 

Glue, Liquid, 2 13. 

-, Marine, uses of, 213, 216. 

Glycerine, for mounting objects, 252 — 
266. 

Glycerine Jelly, 253 ; mounting in, 256. 
Glycerine and Gum medium, 253, 256. 
Gnat, scale of, 1 86 ; transparent larva 
of, 745. 

Gold-Size, use of, 211, 212. 
GomphoTiemea, 356. 

Goniometer, 111, 112. 

Gonidia, 275 no^, 276 ; multiplication 
by, iu Desmuiiaceae, 318; in Pedi- 
astrese, 322 ; in Diatomaoece, 836 ; 
iu Hydrodictyon, 8()2 ; in Ohara, 
310; in Lichens, 393; in Fungi, 
384. 386 ; in Volvox, 287. 

Gordiua, 695. 

Gtyrymna, spicules of, 626, 627* 

Gos'-e, Mr., on maatax of Botifers, 
632 — 534 ; on sexes of Eotifers, 
535 ; on Melicerta, 539 ; on thread- 
cells of Zoophytes, ^5. 
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266. 

(rmnHOf glracfcare of, 606, 608. 

(rmwcs, Biiid69<l cutide of, 456. 

<Jray, I)r., on palates <»f Oaiteropoda, 
680 ; on develojy^eut of Bucoinum, 

Green Bands, Foraininiferal origin of, 
820, 830 ; Prof. Ebrenberg on com 
. position of, 577 iwtc, 821), 
Ortgarinida^ 494, 495. 

Cfi'omia, 477 — 480. 

Growing- Slide, 1 44, 145. 

Growth, distinguished from Generation, 
273-275. 

Guano, Biatoraacefe of, 364. 

Gulliver, Mr., on Eaphides, 436; on 
sizes of BUwd -disks, 783—785. 

Gum Arabic, 213. 

Guy, Dr,, on sublimation of Alkaloids, 
849. 

422, 423. 

Haeckel, Prof, on Gnstrjra theory, 495 
nntc ; on Monerozua, 409 ; i)u Hathy- 
bius, 492 ; on RaUiolaria^ 597 ; on 
Infusoria, 498 note; on Calcareous 
Sponges, 607 note. 

Jlie/uatococcus, 292 ; its relations to 
Protococcus, 278. ^ 

Ilsematoxylin, as staining agen*., 246, 
Hairs, of Insects, 733 ; of AlaiumalH, 
777—780. 

of Vegetable cuticles, 4.55 ; ro- 
tation of fluid in, 429, 4 H. 
TlaJichondrUt^ spicules of, 60G. 

Halifax, Dr., on making IScclutns of 
Insects, 724. 

Haliomraa^ 599. 

Ilaliotufy palate of, 030. 
if aliphytemeif 562. % 
ilalodakyltis^ 654. • 
lialopkragmiiurif 563. 

Haltcres of Biplera, 752. 
Hand-Magniflers, 22 -25, 50, 51. 

Hard Substances, cutting Sections of, 
236—239. 

Hardening of Animal Substances, 241. 
Harley Binocular, 82, H3. 

Hartang, Prof, on Calcareous cJncrc- 
tiona, 847. 

Hartnack, M., Ulf diagonal Micrometer, 
111 ; on Snrireila, 205. 


76(K 

HaTendan UanalB of Bone, 767, 766. 

Haustellate Month, 743, 744. 

Uaycraft, Mr., on Mascular fibrS, 796, 

Hitzef, stem of, 445. 

Hearing, organs of (1), in Insects, 741>. 

Heart- wood, 445. 

Heat, tolerance of, by Bacteria, Ao., 373 f 
by Infusoria, 603, 504, 

350, 851. 

ihiiozoa, 476, 480-485. 

Jfilic, palate of, 678 . 

wings of, 752. * 

Heputicer^ 401 — 405; see MarcUantia. 

Hepwortb, Mr,, on feet of Insects, 753, 

Hertwig, Dr., on Bhizop(K)K, 476 note., 
478; <m Forum in jiVra, biinote. 

Jfiteronuta, 501 > 502, 

JJderosUffIna, 584. 

Hf’xiradiate Sponges, 608. 

Hicks, Dr., on Volvox, 290 ; on Amtc- 
b(iid pioduotlon in root-flUres of 
Mosses, 406 ; on eyes of Insects, 
736 ; on peculiar organs of sense iu 
Insects, 740 nott, 752. 

Ilincks, liev. T., on Hydroid Zoophytes, 
614 ; oil Polyzoa, 6, '>5 note, 

Jlipponrplan Pol^iztia, 654, (155. 

Hogg, Mr., oil do;elopment of Lyra* 
uivus, 6s6. 

Hollyhock, jiullen -grains of, 44, 198, 
464. 

Jloloihuridu^ skeletons of, 640 — 642. 

Jloltenia, 608. 

Homogeneous Immersion, 19, 20. 

IbKtfrt, structure of 781, 782. 

Hooker, Kir. J. D., on Antarctic Dia- 
toms, 360. 

Hoo]), of Diatoms, 328,. 334, 335. 

IJvnnodna, 5(13. 

Hornet, wing-A of, 761. 

Uorus, structure ot, 7 HI, 782. 

Houghton, Kev. W., on GloChidium 

682 . 

Hudson, Dr., on l^edalion, 535, 536 
542. 

Huxley, Prof., on Protoplasm, 267 ; cm 
cell- formation in Sphagnacew, 411 
on Bathybius, 492 ; on Cocoolitki 
492, 493 : on Rotifera, 537, 542 
on Thalaasicolla, 601 note ; on No 
tiluca, 507 note; on Shell of Mt 
lu«ca, 669 ; on AppendioaUtria^ 664 
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on Blood of Annelida^ 699 ; on Shell 
of Crustacea, 719 note; on Ilepro- 
ductioii of Aphides, 758, 

[iayghenian eye*piece, 27, 28. 
ffyalodMCUi^ 205, 846. 
flyda^im, 640 ; reproduction of, 536. 
tiydrn, life-history of, 610—614. 

Hydra tu&a, development of Acalephs 
from, 620—622. 

Hyd^odiciyon, 301, 802, 
liydrozoa, simple, 610 ; composite, 
614—619 ; their relation to Medusae, 
616, M9-62a. 

Jlylnf preparation of nerves of, 804. 

ice-Phnt, cutiolo of, 455. 
/(dinewnonuifs^ ovipusitor of, 755. 
lllnmiuation of Opaque objects, 176 — 
178; of Transparent objects, 171 — 
175 ; di verso effects of, on lined oh 
oots, 173, 174. 

Illuminators, lUack-ground, 125—129, 
175. 

Oblique, 123, 124, 173- 

175. 

Parabolic, 126, 127. 

Ilpflcx. 128, 129, 

Side, 135-138. 

Vertical, 138—141. 

Wenlmm’s Diwk, 123 ; his 

lieBox, 128, 129. 

Whitc-Clowd, ISO. 

Imbedding procobses, 232—234, 
Immersion-Lenses, 18—20, 

Images, formation of, by convex lenses, 8, 
Index of Refraction, 1 — 3, 
Indigo-oarmine, as staining agent, 248. 
Indian Corn, cuticle of, 453, 457, 
Indteaior, Qnekett’s, 112, 

Indusiom of Kerns, 414. 
liirusoftiA, 497 —529 ; Flagellate, 498 ; 
Suoiorial, 513 ; Cdialo, 510, move 
menu of, 518, 519; internal struc- 
ture of, 519 — 621 ; binary sub- 
division of, 521, 522 ; encysting 
process of, 522 — 526 ; sexual genera- 
tbo (II of, 526-629. 
l&fmiorial Barth% 361. 
lideolious of Bloodveasels, mode of 
ttakiog; 81 0-— 816. 

IstiKmi, great numbers of objeeta 
fnrnislied by, 722 ; miomseopic forms 
aatantuco^ 738—749; m- 


culation of blood in, 745, f46 ; cArg 
of, 756, 767 ; eyes of, 735— 738 ; 
feet of, 762—755; gastric teeth of, 
744; hair8of,733; integument of, 724, 
735 ; mouth of, 740—744 ; organs 
of bearing in, 740^ of smell in, 752 ; 
of taste in, 744 ; ^positors of, 765, 
756 ; scales of, 725 — 738 ; spiracles 
of, 748, 749 ; stings of, 755 ; tracheae 
of, 746 — 748 ; wings of, 750 — 752. 

Interference-spectra, 186 — 191. 

Iiiternjodiate Skeleton of Foraminifera, 
549, 569, 575, 579, 589. 

Internal (lasts of Foraminifera, 672, 
573, 577, 578, 584, 586, 591, 829. 

Intorprolation, errors of, 179—185. 

Inveited Micntscope, Dr. L. Smith’s, 96. 

Iodine, as test, 249. 

structure of leaf of, 457 — 459. 

Iris-diaphragm, 120. 

hfhntia, 352 ; markings on, 329, 330 ; 
self-division of, 33,>. 

Itrh'Acnrmy 760. 

/ttia/r, fungous vegetation in, 380. 

Jackson, Mr. G., his model for Com- 
pound Microscope, 62; his Eye-piece 
Micrometer, 109, 110. 

Jevons, Prof,, on Brownian moveonent, 
183. 

Jukes, Prof , on Foraininiferal reef, 823. 

Kellner’s Kyo-plece, 28, 29. 

Kerona 517 

Kent, Mr. S., on Flagellate Infusoria, 
504, 505 ; on Sponges, 604 noU, 

Kidney, structure tff, 797. 

Klein, Dr„ on (Vila and Nuclei, 765»M>te. 

Kleinenberg, Prof., on IJydra, 614 note, 
764 note; his preparing fluid, 243 ,* 
his staining fiuki, 246. 

Koch, on Sections uf hard and soft sub- 
stances, 239. 

Kblliker, Prof., on Fungi in Shells, Ac., 
382 iiolt. 

Kovalevsky, on development of Asci- 
dianv, 664 nofc, 

Kuhne, on coutracUon of yorticslla<^ 
sta^, 519. 

Labelling of Oljjects, 261 , 262. 

Laboratory Dissecting Microscope, 55, 
56, 
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tooth of, 881, 832. 

iiMsIiimAtm, soe Ciaparlide «od LacU* 
maim. 

iocifMttoria, Prof, Huxley on, 635 note, 
j iouQse of Boue, 763, 769. 

'Mffmaf 544, 568. 

650 -6f3. 

tfatnellicoj-nes, antennae of, 739. 

.*ainpa for MicroBcojw, 155, 1.56. 
uaukester, Prof. K. Ray, on aiuuiboidH 
iu fresh -water Medusa, 610; uu 
development of Limuaeus, 685. 

Larvae of Echinoderina, 642”64y. 
Laureutian Kormation of Canada, 588, 
830 ; of Euro{>e, 588 
Leaves, structure of, 458-460. 

Lteehy teeth of, 706. 

Lcesou, Dr., his dttuhlo-rcfracUng Co 
uiometer, 112; his Scleoiuj-plute, 132. 
Legg, Mr., on coUeciioxi of Furumi- 
uifera, 593, 594. 

Leidy, Dr., on Enterobiyus, 380 ; on 
Kbuopods, 191 nolt\ 

Lenses, refraction by, 3, 6. 
hf^pidocifrtm^ scales of, see Podura 
Lepidopkra, scales of, 725 - -735, I 
proboscis of, 743, 74 1 ; wings ol, ’ 
725, 751; eggs of, 757. ! 

LepidosttiM, bony scalu of, 769, 776. | 

Lepidoittrfffjt^ 421. • • 

Lepum^i scales of, 728, 729 ; difl'raC' j 
tioii'ape.'trum of, 190. 

Lepraiui, 651, 655, ; 

/ATima, 716,717. ' 

Levant-M ud, microscopic organisms of, 
823, 824, 

Lever of Contact, 210, 

I.«wi8, Mr. B., but freezing Microtome, 

220 . 

Libdlula^ eyes of, 736; respiration of 
larva of, 749, • 

li6er, 449. • 

jUej^etM, composite nature of, 392 — 394. 
/Admopkiiirece^ 342. ' 

Lieberkuhn (»j>eculum), 133 — 140 ; 

mode of using, 17B. 
hkherkuhnia, 472 — 474. 

LigamenU, stracture of^ 7S8. 
ligkt, for Microecope, 155 — 158 ; ar- 
rangement of, for Transphrent dfijecta, 
160—175; for Opaque objects, 175 — 
176. • 

Ligbt-modihers, 130. 


Ligneous Tissue, 436, 487. 

Idmax, shell of, 676 ; palate of, 679. 
Limestones, organic origin of, 823, 829; 
Fusuline, 675,570,829; Nummulitio, 
680,581,829; Milioliue, 828; Orbi- 
toidal, 585 ; E.*aoic, 687, 688, 880. 
Limiting Angle, 3. 

LimpH, palate of, 679. 

Liquid Glue, 213 

Lined Objects, diverse effects of IIU- 
mlnation on, 173, 174. 

Tests, resolution of, 20*2 — 205. 

i Lister, Mr. .1. J., hU improvements iu 
1 Acliromatic lenses, 1 5 ; his Erector, 

I 101, 102 ; his observations on Zo.i- 
j phytes, 616 ; uu Social Asoidiaus, 

! 661— 663. 

I Lisier, Prof., on Bacteria, Ac., 374. 

1 Litmlida, 562 — 668. 

, Live Ixix, 146. 

' Liver, structuro of, 796, 797. 

1 Liverwort, 401 — 405. 
i Lobh, Mr., on binary subdivision in 
Micrasterias, 317. 

Lohom^ 476, 486—491. 

Loftmia, 567. 

Logan, Sir W., on Laureutian Forma- 
tion, 588 nitte, 830. 

Lopliophore of Polyy.ua, 651. 
Lopdnjrupoda, 709, 710. 

Jjow'uo, Mr,, on feet of Insects, 764 
note; on eyes of Insects, 737 noO; 
on devolupment of Iriiecw, 769, 
Lubbock, Sir J., on Daphnia, 715 ; on 
Thymuur.i, 728, 

Luders, Mad., ou fonnentation, 876. 
Luminosity of Niwtiluca, 506, 610 ; of 
Annelida, 705, 

Lungs of lleptilea, 817 ; of Birds, 817 ; 

of Mammals, 819. 

Lf/oanldfE, scales of, 726, 728. 
LycopodUtceas, 420. 

LymniBm, development of, 683, 686. 
Lymph, corpuscles of, 786. 


I 3facfuUs, scale of, 729, 730. 
Macro-gonidia, 270 mte ; of Volvo*, 
287 ; of Pediastrem, 323 ; of Hydro- 
dictyon, 302. 

Maddo*, Dr., his Growing-Slide, 146 ; 
I 00 eultivatiou of Microscopic Fungi, 
) 146 note. 
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Hngnifying power, augmentatioii of» 
161, 162 ; (letertuination of, 206, 207. 
Magenta, as staining agent, 247. 
Mahogany ^ seotion of, 447. 

Malpighian bodies of Kidne}’, 797. 

layer of J^kin, 791. 

Maltwood’s Finder, 118 
Malvacecp, pollen-guiins of, 464; their 
use as testa, 44, 198. ! 

Mammals, bone of, 767—770 ; teeth 
of, 772—774 ; hairs, hoofa, &e., of, 
777-782; blood of, 782—786; 
ungs of, 819. 

Man, teeth of, 772—774 , hair of, 779, 
789 ; blood of, 782—786. 
Mandihulato mouth of Tn.scctK, 7 11. 
Marchantm^ general struelure ot, 101 ; 
stomata of, 402; ronoeptades of, 
406; sexual ap]>aratus oj 401 
Monj(iritac(a\ shelU of, 6«>9-67l, 
Marino (Hue, uses of, 213, 210 
Marsh, Dr S., hiH seoliitu lifti r, 21,>, 
on S<‘Ction-('\it'Hig, 232, 256 
Mastax of liotileia, 532, 534. 
MiUtugloUi^ 358, ;,59. 

Matthews, Dr. his Micro- megavcope, 
10‘2 ; his saw for Section cuttiug, 
825. 

Mwlitt, Preservative, 2."i0 253. 
Medullary Kay.s, 425, 445 — 449. 

Sheath, 437, 443 

Midumo, their relation to Pohpes 61.5, 
619 — 623 , Iresh watei, atnudMuda in, 
610. 

Af«V«/eprt-larva of (hah, 721. 
Mf^gathrriam, Urth ot, 773 
M danmifcrnmt , 39G, 

Mtlkerhang^ 538, 589. 

MflahntliOLi, see (lockrhafor. 
jtf«rWn?,340, 347 ; auxcMpores of. 33v^ 
Mendan*, scale of, 726. 727. 

Menisens Lenses refraction by, 8. 
Meridum arcuUm^ 341. 
Mtmtihryatdhemum^ cuticle of, 455, 
MfmmrpuSt 282. 

Motfunorphosis, of Annelids, TOO— 703 , 
of Aacidians, 663 — 665; ofnrihipe<l«, 
717, 718 ; of higher Crustacea, 720, 
721? of Kiltoionstraca, 715; of 
Echinoderias, 642—646 ; of Infu- 
soria, iy%Z — 526 ; of Insects, 758, 
759 ; of Mollusks, 652-689, 
Mtiamth 469 . 


Mica-Selenite Stage, 133. 

Micrasterlas, binary sub-divieion of, 
317 ; stato-spores of, 318. 

Micro-Chemistry, 848, 849. 

Micrococcus, 368. 

Micro-gonidia, 276 7w^e; of Protococcus, 
280 ; of D€8midiaie.Te, 318 ; of Hy- 
drodictyon, 302. 

Micro- inegasciipe, 102. 

Micrometers, Ramsden’s, 108, 109 ; 
Jackson’s, 109, 110; Hartnack's, 111 

Micrometry, by Micrometer, 109 — 111 , 
by Camera Lucida, 116. 

Micropyle of Vegetible tHmle,423,465. 

Mickosoope, support required lor, 154, 
155, care of, 159, 160; focal ad- 
justment of, 1G2 —108, ttiTangeinent 
oi, lur Tiarihivareiit objects, 168 — 175; 
lor Opaque olgocts, 175— 179. 

— Hitt ocular, see Binocular 

Microscope 

— __ — (^impound, see Com- 

pound Micr'iscupe. 

^iiiqilt,6eQ Simple Micro- 

hcDpe, 

Chemical, 95— 97. 

Demonstrating, 93. 

i)i«seciiug, 53 -60. 

Kdueational, 63 — 66. 

— k'verted, 95 - 97. 

Mincralogic<ii,836— 83S. 

pocket, 9*2. 

- - — P< pillar, 82. 

_ i’ortabie Ptinocnlar, 94. 

Siudents’, 66 — 80, 856. 

Tiavelliug, 03, 94. 

Microscopic Dissection, 228 — 2*25. 

MuTo-SpectroMco|)e, 1 04 — 107. 

Microtome, Simple, 226 ; Hailes’s, 227 
— ‘229 , Strassbnrg, 229 , freezing, 
229, Rivet Leiiser, 229 — 231. 

MuTt>zynies, 375. t 

M ddcjr of 385. 

Miliohda, 550, 

Millon’s test for Albuminoas sub- 
stances, 250. 

Milne-Kd wards, M., on Compound 
Asoiiliaiis, 6G1 note 

Mineral Objects, H34 —849. 

J/innof, circulation in, 807. 

Misinterpretation of tmcrwscopic ap* 
{learanoea, causes of, VO — 185. 

I 759. 
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Mivart» Prof., on Radiolaria, 597. 

Moderator, Rainey’s, 130. 

Molecular Coale«cence, 645—848. 

— — -Movement, 1.S2, 183, 

Mollcsca, sbells of, 660 — 678 ; palates 
of, G78— 6S1; development of, 682 
— 689 ; motion on |p:ill8 of, 

689, 690; organs of seuae of, 690, 691. 

MolyMate of Ammonia, 24S. 

Monadim, 498—504. 

Monerozoa, 469 — 475. 

Monocotvledonous Steiiia, strncture of, 
441, 442. 

Monothalamoiia Foraminifera, 5 44. 

Morula, 408. 

Morehouse, Mr., on Lepisma-scaie, 729, 
733 i^ok‘. 

Morris, Mr., bis ()bjtrt-hol»ler, 14 4: 
on mounting Zuojiliyie.n, 618, 619. 


Myrlothi H^ amoebuids in, 630. 

S87 — 390. 

Nftcbet, M., hia Stereoscopic Binocular, 
33, 34 ; Stereo’pseuclo<«‘A>pio Bioocu* 
Isr, 8 9 ---42; BmocuUr MagnUier, 
58 ; Student's Microscope, 76 — 78 ; 
Chemical Microscope, 95— 97 ; Min- 
cralogical Microscope, 836 -838; 
Erectuig Prism, 103 ; Camera, 114 ; 
Porto-Objectif, 856. 

Nacre, structure of, 669, 670. 
iWm, 795, 706. 

AVwm/u, teeth of, 519. 

Navicellu' of Grcgarinida, 494. 
yavivuhr, 356 ; movements of, 339. 
Needles for BisHoction, 224, 225. 
Nimatuid /uitijzoa, 694, COS'; 

I AVmrr/f'a, larva of, 702, 703. 


MosaKS, Btnicture of, 4iU5 40S , hcxual 
apparatusof, 408 — 410, development ’ 
of spores of, 408. 

Mother-of-Pearl, structure of, 670. 
see Lcpido})U‘ra. 
fuugouK, 383, 384. 

Mounting of ohjeots, 254 ; in Canada 
Balsam, 257, 2.'*8 , in cement-cells, 
258 ; in deep cells, *259. 

Mouutiug-Instnuiieut, Sraith’.s, 222. 

Microsco|MH Field s, .59, 6<h 

Mouniiug.Plrtte, 221. 

A/ou«f, hair of, 778; cartilage of ear 
of, 795 ; vessels <d‘ toe of, 814. 

Mouth of Insects, 740—744, 

Mucor, 885. 

Mucous Membranes, structure i»f, 790 ; 
capillaries of, 816. 

Muller, Dr. Fritz, on Polyzoa, 653. 

MiUler, Prof. J., on Hadiolaria, 593 ; 
on Echinoderm-htrva*, 642 — 646. 

MiVller’s fluid, ft>r hardening, 248. 

Muscaruine, of Silm worms, 377 — 370. 

Muscular Fibre, structure of, 797 —801; 
mode of examining and preparing, 
800; capillaries of, 816. 

Mtuk deer^ hair of, 777 ; minute blood* 
corp jacle# of, 784. 

Afuml, ciliary action on gills of, 689 ; 
development of, 682. 

atructure of hinge- tooth 0f, 672. 

Mycelium of Fungi, 882 — 887. 

#c!eth of, 771, 772. 
Myriapodi^ hams of, 783, 784. 


Xr}i<t, tracheal system of, 747. 
A(]nnthc^, spiral vessels of, 4‘’»S, 
Nervous Tissue, structure of, HOI —808; 

mode of evamiiiing, 803, 804. 

Net, Collector’s, 263 — 265. 

Ntttli, feting f>f, 450. 

iW'ur rpUnt, circulation in, 745, 749 ; 

wings ot, 756. 

Neutral tint Iteflector, 115. 

A5 wf, ciiculation iu larva of, 807. 
Nicol-PriKUi, 131. 

Niklla, 309. 

NiUifchi/ cc, 348. 

Nobert’s Test, 202, 203. 

506 — 511. 

Nodonni'in, 568. 

NoniiJtilna, 579. 

Nose-piecc, 116. 

A().^iodtuc^:af 297. 

Nucleus, of Vegetable cells, 270 —273 ; 

of Aniin.al cells, 765, 

Nudibrancfu*^ development of, 083— 
6a5. 

Numerical Aperture of Objectives, 850. 
Numitnilinida, 548, 576—587. 
Xummnlit/\ structure of, 580 —584, 
Nummulitic Limestone, 580, 8*28, 829, 
Nufdmr lutm, pareucliyma of, 425, 426. 

Oak, galls of, 755. 

Object- 0 lasses, Achromatic, pjriBcipJa 
9 — 13 ; Angular aperture of, 10* 
192—195, 850; Numerical aperture 
of^ 850; constraotion of, 14 — 18 4 
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iwmenion, 18 — 20; adjustment of, 
for covering glass, 15, 10; 105—168; 
ada »iation of, to Binocular, 42—45 ; I 
woriting distance of, 102; deOning 
j)Oww of, 192— lOi; focal depth of, 
194; increase of, v^itU Binocular, 45; 
resolving power of, 195 ; fiatueeb of 
field (Mt, 196; comparative value of, 
191 — 197, preface, vi, vii ; different 
pawm of, tests for, 197—206 ; de- 
termination of maguifjfing power of, 
206, 207. 

Object-Holder, 143,144. 

Objects, mode of mounting, dry, 21 4, 
218 ; in Canada l>al«urn, 256, 257 ; 
in preservative luedm, 250—256 ; in 
cells, 268 — 261 ; see Oj^taque and 
Transpa>ent Objects. 

— labelling and preserving of, 

261, 262. 

collection of, 263—265. 

Oblique I limn Inn tors, 123, 124. 

Ocelli of Insects, 735—787. 

Oct spores of Fuci, 898, 

(Kdogonkce^ 305, 306. 

(Mdimi, 886 . 

Oil-globulea, microscopic ai)pearance8 
of, 181, 182. 

Oil -immersion Objectives, 19, 20, 851 
cuticle of, 466; stomata of, 457. 
Oftciiiium, spiral cells of, 433. 

OaicH, rsphides of, 436. 

Odgoaia of Fucacew, 398. 

Oolite, structure of, 799. 

Odtpores, 274, 275 ; of Volvo*, 289 ; 
of Aohlya, 800 ; of Sphseroplea, 304, 
806; of (Bdogottium, 306; of Batra. 
ohospennem, 308 j of Chara, 812; of 
Fuoacese, 399. 

Opaque Object*, arrangement of Micro- 
scope fur} 176— 179; inodes of mount- 
ing} 214, 218. 

679, 580. 

(J^ioeoma, teeth and spines of, 637, 
protballium of, 417, 418. 
skeleton of} 637 ; develop- 
iiMmt <kf} 845. 

Opkrydtnm, 622. 

661, 662. 

Orbtioidett structure of, 586, 687. 

671. 

MtloftteS} structure and developiuent 
of; 649} 668—668; hmU, 823. 


Orbulim^ 669. 

OrchideouB Plante, 433. 

Ord, Dr, \V* M., ou Calculi, 848. 
Ornithorkynchugf hair of, 779. 
OrtkopUra^ wings of, 751. 

Oeiuic acid, uses of, 243. 

Onmunddf prothalUum 0f, 418 note. 
0»ciUaturiacc(]ej 295, 297. 

Oetraccce, shells of, 671—673. 
Ostr<icoday 710. 

OP)litfa*of (iasteropods, 691; of Fishes, 
846. 

Oviptwitora of Insects, 765, 756. 

Ovules of Phanerogamia, 422; fertili- 
zation of, 464; mode of studying, 464, 
46.5. 

Owen, Prof., on fussU Teeth, 831, 8:>2; 

on fossil Bone, 832, 833. 

0.njtrkha firm of Triclioda, 522—524. 
0)/itUr^ shell of, 672, 673. 

Pachyinaiisma^ spicules of, 607. 
Pacinian corpuscles, 803. 

Palates of Gasieropods, 368 — 371. 
Palm, stem of, 441, 442. 

Palmeilacect!, 291—293. 

Palmodictyon, 293. 

Palrnoylcm 7A«croco(rca, life-history of, 
276, 277. 

Papilla) of 8kin, stAmture of, 790, 803; 

capillaries of, 816; of Tongue, 803. 
Paraboiu* Sjojculum, 137. 

Parabolized Gas-81ide, 148. 

Paralkoloid, 126, 127; iuimersiun, 127, 

128 . 

Paraffin, imbedding in, 232 — 234. 
Paramecium, 517; contractile veaiclee 
of, 521; binary subdivision ofi 621; 
sexual generation (1) of, 626. 
Parasitic Fungi in Animal bodies, 377 
-383; in Plants, |8.V 386. 

Parker, Mr. J^effery, mi Hydra, 610. 
Pariirrien, 665—567. 

Paiiiiltu), fnngons vegetetiun in, 881. 
I’aste, Eel* of, 695. 

Pasteur, M., bis researches on fermente, 
874 ; on pdhrino, 875. 

Patella, palatal tulie of, 67 
Pearls, etruoiure of, 671. 

Pdbfine, 575. 

Pecari, hair of, 779. 

I Petien, ej«* of, 690 ; tenteiles of, 691. 
1 Pedidion, 585, 586, 542. 
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•Pedesill Prof. Jevons on, 1 83. 

Pediagtreasj Btmctui'e of, 322—325; 
multiplication and development ot, 
828, 324; varieties of, 325. 

Pedicellariie of Ech modems, 635, 

Pedicellina, 655. 

Pelargonium.^ (Hi Is of petal of,460,i61. 

PeUmyxa paluMris, 438. 

PeneroplUf 545, 551. 

Penetrating power of Object-glasses, 
194 ; increase ol‘,witli Binocular, 45. 

PmicUlium, 385, 

Pentaoriuoicl larva of Comatula,.646— 
648. 

Pentacrinvs, skeleton of, 637. 

Perennibranchiaia, bone of, 770; 
blood-corpUBcles uf, 7*4, 785. 

Periiiiniuni, 511, 512. 

Peristome of Mosses, 408 — 410. 

Peronospora, 386. 

Ptrophora, 662, 663. 

Petals of Flowers, structure of, 460, 
461. 

Petrology, Microsco[>ic, 833 --838. 

Pettenkofer’s test, 249. 

1*UANK140GA»1A, djBiinctivo peculiari- 
ties of, 422, 423 ; eietuenUiry tissues 
of^ 423—440 (see Tissues of Plaut«l; 
Stems and Kouts of, 440 — 453, 
Cuticles and Ledfes of, 453 — 460 ; 
Flowers uf, 4Gu — 465 ; Seeds of, 
465—467. 

PhyUopwia, 712, 713. 

Picrio acid, for hardening, 243. 

Picro-aniline, as sUining figent, 248. 

Picro*carmiiie, as staining agent, 246. 

Pieridw, scales of, 725, 727. 

Pigott, Dr. Kuyston, bis Aplanatic 
Searcher, 11 note j lus Micrometei-«, 
108 note; on angle of ai^erture, 193 ; 
on 8C.a}eB of Iri'i^cta, 729, 732. 

Pigment-cells, 79f, 792; of Cuttle-fisb, 
691, 692; of Crasuioea, 720t 

Pigmeutum nigrum, 791. 

PUidium-iur^a, of Kemertea, 702. 

PiUischer, Mr., bis luternatioual Alioro- 
•cope, 72. 

Pdvdinoy 560. 

rtructureof tbellof, 668—669 ; 
fosaU, in Cbalk, 825. ^ 

Pinmtlaria, 857. 

Piatillidia, He Arcbegosia. 

Pitb, stroetture oi^ 424, 442. 


Placoid scales of Fish, 776. 

Planaria, 690, 697. 

Ptanetrbuiina, 578. 

PUtniago, cyclosia in hairs of, 431. 
Plants, distiuotion uf, from Animals, 
266- 268. 

Plasmodium, of Myxomyoete*, 880 ; uf 
protoiuyxa, 471, 

Plate-glass Cells, 216. 

PUuTomgma, 357 ; nature of markings 
on, 329 — 384 ; value of, as Te«t, 
203 — 205 ; diverse aspects of, 174 
180; dilfraction-specuum of, 191 
PlyLUu»'\ux\u of Echinus, 644, 645. 
PimnulcH uf Buttei Hies, 725, 726, 
Pocket MicroHCotje, Bejile's, 92. 
Poiiopbrga gmdn partita, 514, 615, 
Podura, scale uf, 728— 738 ; use uf, 
as Test'ubject, 2(»5, 206, 

PuisuriH, detection of, 848, 849, 
Polarization, Objects suitable for, 
839-845. 

Polarizing Apparatus, 131—384. 
Potute», fungous vegebition in, 379. 
Pullengrains, developmuut (»f, 461 ; 
structure and markings of, 462- - 
464. 

Pollen -tubes, fertilizing action of, 464. 
Polyctii$, 697. 

Polytiiniann, 650. 

J^olycytsivva, 696, 599 — 602. 
Polpyastrica, Infusoria. 
Pvlymorphhui, 568. 

Polytmmaiiu argut, scale of, 726— 
728. 

Polypes, see Hydra and Zoophy^ 
Polypilie of Polyzoa, 650, 

Polypodium, fruotibcation of, 412, 413. 
PolyniorutUa, 677 — 579. 

P(dytbaiamou» FommiujfeJi'a, 644—646. 
Polytmna uvdla, 691. 

Polytrema, 674. 

PowzoA, genoiul ttructure o(f 650— 
657 ; classidcatiou of, 655. 

Poiyzoary, 650. 

Pond -Stick, Baker**, 263. 

Popjyy, seeds of, 465. 

Popular Microscope, Beck's, 82. 
Porceilamut Foraminifera, 647, 649 
—558. 

porcelianaussbellsof Oasteropodsy 676. 
Porcupine, quill of, 778. 

PoRimHAt see Sponges. 
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Portable Binocular, 94-~96, 

Potato-diaeawe, 386. 

Po^Pell auU Lealatid’s Microacopee, 80, 
81, 90, 91 ; tbeir tn.>ii-sttjrt?*>»c*(»pic 
Binocular, 98 ; their Achromatic 
Condenser, 124), 1*^1 ; their jLight- 
niodifier, 130; tbeir Oil-iniweiHiou 
objectivei, 20 ; their Vertical Illumi- 
nator, 140. 

Pmum, shell of, 720, 

Prertervative Media, 260—253. 

Primordial Utricle, 269, 427, 

Pringsheim, l)r., liis ohfttM vations on 
Yaucherio, 299 ; on Ilydrotlicljon, 
302; ou (EOogoniuui, 307. 

prismatic Rbell-stibsitanre. 606— '669, 

Prism, Amici’s, 124 ; Nachet's Krecting, 
103; Wenhaio’s Binocular, 35, 98; 
Stephenson's Bineculur, 37 ; ('ainera 
Lucida, 1 1 2— « 115 ; Spectr(.)Scopt*, 
105; Polarmng^ 131. 132. 

ProboHcis, of Bee, 742, 743 ; of Butter- 
fly, 743, 744 ; of Ply, 741, 712. 

J^roteuSf bJo-'d-corpuscJes of, 784, 785. 

PruthaUium of Ferns, 415— 418. 

J^'OtowcM, life-history of, 277 — 2S2. 

I*rotomyx(j, 469—471. 

Protoplasm, 267 ; of Vegetable cell, 
268 —273; of Animals, 764™766. 

pROToPHyTA, general characters of, 
267-272. 

Protophytio Algie, 275—366. 

Protopbytic Fungi, 275, 367 ; nda- 
tiou of, to Protozoa, 367 ; cultivation 
of, 145, 367. 

P«t»TozOA, 468, 469 , their relations 
to Protophytii, 268. 

Paeud-eiaWyo of Kchinodernift, 642. 

Pseudo-naticellee of Uregarinitla, 494. 

Pseudopodia of Khizopoda, 469 — 490 , 
diflercmt forms of, 476. 

Pseudoscop^ 31,32. 

PaeudoBOopio MIcroseojDe of MM. 
NaoUet, 39 — 42. 

jPtrm, fructihcatiou of, 414 ; pro- 
thalliuuk of, 415. 

Ptetodafi^ bone of, 882, 838. 

Pnecmia^ 885. 

Purpurot egg-eapaules of, 683 ; de- 
v^opmentof, 680 — 689. 

707 — 709 . 

Qmdntla 491 . 


Quatrefages, M de, on luminoitty of 
Annelids, 705. 

Qoekett, Prof. J., his Dissecting 
Microscope, 53, 64 ; bi.s Indicator, 
112; on Kaphides, 436; on struc- 
ture of Bone, 77‘J, 832. 
Qniiujiteloculinayf 550. * 

Kadiating Crystallization, 841, 842. 
Jtadiolaria, 595, 596 ; their relation to 
IJeliozoa, 595 ; tlicir general struc- 
ture, 597, 598; their classifi<‘atioD, 
t 598- -600: collection and mounting 
I of, 6O0-602. 

f llainey, Mr., his Light modifier, ISO ; 

I ou Mulecular coalesceneo, 845—847. 
i Haifa, iVlr,, on Dcamidiacejo, 312 note : 
on Diatoinacea?, 310 7i()te. 

Halph, i)r., his mode of mounting, 258. 
KaniHden’s Mitnroinetcr, 198, i09, 
Kaphides, 43.5, 436. 

Ke-agents, Chemical, use of, in M'cro- 
i scopic reseaich, 249, 259, 848, 849. 
j He»l Corpuscles of blood, 782— 785. 

I Pet! bnow, 291. 
j Keflection l)y Pri-^ms, 2, 3, 

I Keflex illuminator, Weiihain’s, 128. 
j llefrucliun, ifiws of, 1 — 3: by convex 
1 lenses, 4 — 7 ; by concave and 

j luouiacus loe>sc*K, '• , 8. 

I Rein- liter ^ hair of, 777. 

I litophux^ 564. 

KKrTiLKs, bone of, 769, 770, 832 ; 
teeth of, 772, 832 ; srak-s of, 777 ; 
blood of, 782 — 186; luugs of, 817, 

bivS. 

Resolving power of Object-glasses, 
188, 195. 

Jitiicularm, 476 — 480. 

Keliculatetl Ducts, 438, 439. 

I UhabiUimmlnn, 5o2. j, 

I Jiftlnoccros^ bom of, 7 il. 

I Jihizoceirpeee^ 420, 

Khizopopa, 475—491 ; their subdivi- 
sions, 476, 477 ; their relation to 
higher Animals, 764, 765. 
Rhiimnlenia^ 353. 

Rhizostoma, 622. 

I RhodmjTtrmew, 399. 
j AAtt^aj^ijIrnphides of, 435. 
Rhtfnchoneliidm^ structure of Shell of, 
675. 

I Eict, starch- grains of, 435- 
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Eice* paper, 424, 425* 

RkinMe^ 760, 

EiHg-Cells, 215. 

King-Net, 263—205. 

Eivet-Leiser Miorut<»rae, 229 — 231. 

Boasted Corn, detection of, in Chicory, 
467. 

Kobin, M., on Noctiluca, 507 rwie^ 
511 note, 

Rocliea, epidermis of, 455. 

Bocks, structure of, 823—830, 834 — 
838. 

Roots, structure of, 451, 452 ; mode 
of making sections of, 452, 4.5.3. 

Boss, Mr., on correction of Ohjert- 
giass, 15, 10; his Fii^t-cluss Micr<*- 
sc^^pes, 87 — 90 ; his Achrom.atic 
Condenser, 121 ; his Students’ 
Microscope, 73, 74 ; his Simple 
Microscope, 51 — 53; hi.s Lover of 
contact, 210 ; hw Compressor, 149, 
150. 

Ro8s-M(Klel for Coiniwund Microscope, 
61, 62. 

RoUtlla, 545, 546. 573-575. 

Rotalim Foramjnifera, 515, 573 — .576. 

KoUiling Microscope, Ilrowning’s, 7^. 

Rotifer, anatomy of, 532—535 ; repro- 
duction of, 535—537 ; tenacity of 
life of, 537 ; («yurreiice of, in leitve.s 
of Sphagnum, 41*!, 530. 

Botifkra, general structure of, 529 — 
542 ; reproduction of, 535 — 537 ; 
desiccation of, 537 , classification of, 
588 -542. 

Roystun-Pigott, Dr., see Pijiott. 

Jtunh, stellate parenchyma of, 425, 426. 

Bust, of Corn, 385. 

Rtttheiford, Prof., bis frecaing Micro- 
tome, 229, 284. 


a 

Sable, hair of, 777, 778. 

Saecamniinaf 560. 

Stsedtaromycee, 375. 

Saccololdum^ spiral cells of, 433. 
Safety*atage, Stephenson’s, 141. 
Salpintjm'a, 505. 

SaJter, Mr. Jas., on teeth of Echinida, 
635, 636. 

^Its, crystalliEation of, 839 — 845. 
Salvia^ spitW fibres of seed of, 433. 


Sftlycylic Achl, m preaervatWe, 251. 
Samf Wittp, integument of, 724. 

Sandy tests of Foraminifera, 558 — 568* 
Sarcina ven^rkuH, 377. 

Sarcode, of pTOtozoa* 266 note, 267. 
Sarropitcjf mabkiy 759, 760, 

Sarnia, 61.5. 

SaW'jlicn, ovipositor of, 755, 756. 
Soalarifurm ducts of Ferns, 412, 488» 
Scales, of cuticle of Plants, 455, 456. 

of Fish, 774-776. 

of Injects, 725 --735 ; their use 

as Tost-ohjc'cts, 199- -200. 

of Reptiles and Mammals, 777, 

Schit^k's Compressor, 149. 
j Scft izomyrtUH, 307 — 373 ; their Zymotla 
j action, 373 —5. 

Srhhonrmatf, 357, 358. 

! Schultz’s test, 249, 
j Schultzs, Prof. Max, on Protoplasm, 
200 note; on movement of fluid In 
I Diatoms, 326 ; on surfaoe-markingii 
I of Diatoms, 331 note, 

Schulze, .Mr. A., ou use of Illamiaators, 
I 129. 

{ Schwann, doctrines of, 763, 

1 Schwendener, on Lichens, 392. 

I SttisBors, for microscopic dissection, 224; 
j for cutting thin sections, 225. 
Selerogen, deposit of, ou walls of Cells, 
431, 432. 

Scoloptu^lramy sori of, 414. 

Sm Anaaonf', 024, 625. 
i Soction-cuUing Instruments, 226- — 281. 
Soiition-lilter, Marsh’s, 245, 

Sections, thin, mode of making, of Soft 
substances, 225—235 ; modoe of 
mounting, 255-257 ; of Hard sub< 
sDinces, 235 — 239 ; of Foraminifera, 
236 notr ; of Leaves, 460 ; of Wood, 
452, 453 ; of Kchinui'Spines, 638, 
639 ; of Insects, 724 ; of Bones end 
Teeth, 770; of Hairs, 780. 

Scjeds, testar of, 465 — 467 ; spiral ceils 
in, 433. 

Segmentation of Volk-mass, 688, 686. 
SelayinelkWy 420. 

Selenite Stages, 182 — 134. 

SepiokLy eggs of, 692. 

Sepiost^re of Cuitle-fish, 677, 848, 
Serifdaria, colonial nervous system at 
; 653. 

Serous Membranes, ttructure oli 790, 
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587 — 598 , 830. 
ikrtuXcmioBf 617 — 019 . 

Sexual Generation, lowest forms of, in 
I^tophytes, 275, 276, 282, 288; in 
Infusoria, 499 — 508. 

Shadbolt, Mr., on Arachnoid iscns, 851 ; 
bis Annular condenser, 120 note; his 
Tum-Uble, 219, 220. 
f^hark, teeth of, 771, 772 ; scales, 3tc., 
of. 770. 

Shell, of Crustacea, 719—720 ; of 
Kchinulo, 630, 03 1 ;of KoraminiferH, 
547— B49 ; of Mollusca, OOG— 678 ; 
Fungi in, 382. 

Shnmp, shell of, 720. 

Side Illuminators, 135—137. 

Side-Eefiector, BeeVa, 137 138. 

Biebert and Kraft’s Dissecting Micro- 
tcopo, 54, 55. 

iSietjold, Prof., on reproduction of Bee, 
758. 

Silica crack-Rlide, 180, 193, 843. 

Siliceous Kpiderms, 419, 4.'>C. 

Sponges, 606, 608. 

Bilk worm dwenaes, 875 — 378, 

SiWer, crysialliaed, 840. 

Biinpl© Microscope, optical principles 
of, 21 — 25; various f^orms of, 50 — 60. 

Siph.on<irea’^ 297—299. 

f^iriddtt^ ovijHKsitors of, 755, 7.56. 

♦Skin, structure of, 789, 790 ; papilla* 
of. 802, 803, 816. 

Black, Mr., on Piunularia, 357 ; on 
artificial Diatoms, 331 rmte: his 
Diaphragm-Kyepieoe, 112 ; his Light- 
modifier, 130 ; his Stage- vice, 148 ; 
his Compressors, 15<h 151 ; his 
Bilica crack -slide, 180, 193; his 
oryttallieatious from ail lea ted solu- 
tions, 843. 

Bladen, Mr. P., on preserving Echino- 
derw larvie, 646, 

SUder*Forc«|)s, 221. 

Slides, Glass, 208, 209. 

— -Wooden, 218. 

radimentary shell of, 676 ; palate 
<rf, 678, 679 ; eyw of, 690. 

Mr. Jas., his Mounting Instru- 
ment, 222 ; kia use of Bull's-eye 
Condenser, 186, 187. 

Smith, Dr. Lawrence, (U.B), his In- 
weried Microscope, 96. 

Smith, H. L (U.S.), on Bino- 


cular Eyepiece, S9 ; his vertical Il- 
luminator, 140; his cells fir dry 
mounting, 214; on mounting Dii 
toms, 366. 

Smith, Prnf. J. Edwards (U.S.), on 
developmoijt of (Edogonium, 305; 
on wide-angled Objectives, Preface, 
viii, ix. ® 

Smith, Prof. W., on Diatomacese, 203, 
826, 360 note. 

Smith and Beck, see Beck, Messrs. 
Smut, of Wheat, 3S5. 

Snait, palate of, 678, 679 ; eyes of, 
690. 

Snake, lung of, 818. 

Snow crystals, 839. 

Social Ascitlians, 661 — 663. 
Soemmering's sp*'culura, 113. 

Sole, skin and scales of, 774, 775. 
SolUtt, Mr., on Diatom-tests, 203. 
Sorbv, Mr., on skeletim of Echinoderms, 
638 note: his Spectroscope Kye- 
pieco, 105; his Microscopic exami’ 
nation of Hocks, 835, 836 fwte. 
Soredia of Lichens, 393. 

Suri of Ferns, 412 — 414. 

Spatawjklium , 350 . 

SpanfanguH, spines of, 634. 

Spectacles, for Dissection, 2*23. 

Spectro- Micrometer, Browning’s, 106. 
Spectroscope Eye-^riece, 105. 
Spectroscopic Analysis, principles of, 
104—108. 

.Speculum, Panibolic, 137, 138. 
Sjarmogonia of Fungi, 384 ; of Lichens, 
394. 

Spkacelaria^ 396. 

Sp/icrria, development of, within 
Animals, 880. 

Sphrtroplea^ sexual reproduction of, 
804. 

Sphetrmira rolvoar, *'90. 

Sphwrozogma, 317. 

Sphaarozoum, 601, 

Sphagnaeeaty pecnliarities of, 4 1 0 — ( 1 2 ; 
occuiTence of parasites in ieaf-eeUs of, 
891, 630. 

Spherical Aberration, 9, 10 ; means 
of reducing and correcting, 10, 11, 
Spicules of Sponges, 606—609:, of 
Alcyoniaii Loophytiw, 626; of Doris, 
676. 

Spidert^ eyes of, 761 ; >’ respifstory 
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organs of, 761 ; feet of, 761; apin- 
ninf apparatos of, 761, 762. 

Spines of Echinida, 632, 633 ; mode of 
making sections of, 638—640 ; of 
Spatangna, 63i. 

Spinning apparatus of Spiders, 761, 
762, 

Spiracles of Inftcts, 747—749. 

Spiral Cells of Sphagnum, 411 ; of 
Orchideae, 433 ; of anthers, 462. 

Crystallization, 843. 

Ducts, 438. 439. 

Fibres, 433, 

Vessels, 4,37 ; in petals, 461. 

Spiriferidcet l^hell-struoture of, 675. 

iipirdUjm, 568. 

t^pirilhim, 372. 

iSpirdimi, 651, 

SpirolocuHna, 5.50. 

Si’owoES, general structure and relations 
of, 603, 604 ; reproduction of, 605 ; 
skeleton of, 005-609; fo‘'«il, 826, 
827. 


Sponffilla, 004, 608, 

Spongiole of Foot, 151. 

Spores, difiejent kinds of, 274 — 276 ; 
of Fungi, general dilTtision of, 383 — 
386; of llejiaticfe, 4o5; of Mosses, 
410; of Kerns, 414-418; of 


Kquiseta'cre, 419;— see Oospores and 
Zygospivres. • 


Spot- bens, 125. 


Spring-Clip, 222. 


— PTe««. 222. 


Scistkus, 221. 

Squirrdy hair of, 778. 

Stage-centering .adjustment, 92. 

Stage, Glass, 76. 

Stage, Safety, 14), 

Stage* Forceps. 142. 

Stace-Plate, glass, 144. 
fita^-Vice, 143. 

Staining Processes^ 244—249. 

Stanhope Lena, 24. 

Stanhoacope, 24. 

Star* Anise, seed-coat of, 431. 
Starch^granules, in Cells, 434, 435 ; 
appearance of, by Polarized light, 
434. 


Star-fish, Biplnnarian larva of, 643, 644, 
8tato*spore», 275 note; of VoWox, 290 ; 

of Hydrodictyon, 302. 

3to«raa4rttg7, inroiiimncea of, 313; 


m 

self-division of, 316 ; varie^M of, 
325. 

Stauromia^ 357, 

Steenstrup, Pn^f,, on Alternation of 
generations, 623. 

Stein, Dr, his doctrine of Aoineta 
forms, 516 mte, 529 nf^ ,* his 
rtjsearches on Infusoria, 642 wo#*. 
Steitdieil Doublet. 24. 

StHhiria, petal of, 461. 

I Stellate cdls. of Hu.sh. 425, 426; of 
I Water-lily, 425, 426. 

Steinnmta of InscclH, 737'. 

Steuj, 440 ; Monocotyledonoun, struc- 
ture of, 440, 442 ; Exogenous, struc- 
ture of, 442 — 450 ; devidopment of, 
459, 451 : ramie of making Hectiotia 
of, 452, 453. 

Stf'vfor^ 519 ; its conjugation, 528. 

'■ Strphanorerofi Eichf>run, 538, 639. 

I SU>p/iano8pli(h^n^ 289 riofe, 290 note. 

! Steiuoficope, 29. 

! Stereoscopic Spectacles, 228. 

} Vmit)n, principles of, 29 — 

j 32 ; appliration of, Com|K)und Mi- 
croscope, 32—40 ; to Simple Micro- 
; H<?ope, 58, ,59. 

! Stephenson. Mr., his suggestion of 
1 h*>raogeneons immersion Ohjectivos, 

j 19; on ditfraction-doctrine, 187 — 

\ 191; Ills PitH^culur Microscope, 36 — 

' 39, his safety' stage, 141; on mount- 

’ iiig in hiHttlpbide of carbon, 334 ; 

' on C<»HCitTi(KliBCU«, 348. 

Stewart, Mr., on internal skeleton of 
Echiuodermata, 640. 

Stick -net, 264. 

Stigmata of Insects, 747, 748. 

Stings of Planta fltructuro of, 456 ; of 
Insects, 755, 756. 

Stokes, Prof,, on Abnorplion bands of 
bhKKl, 107, 108. 

i Stt>inaUi, of Marobantia, 402 J of Flower- 
1 ing Plants, 456, 457. 

j Stones, fur polishing Sections, 237. 

; Stones, of Fruit, strocture of, 432. 
i Strassburger, Dr., on celldi vision, 765 
note. 

Btfiaielleoi, 345. 

Student’s Microscopes, princfpks of 
construction of, 66—68; Olt^ctlTes 
suitable for, 68 — 70 ; various form 
of, 70-80, 
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FuctorUtl CruMaced, 718, 717. 

BiitforUtl h\ftm)ria^ 513. 

8ulpbat« of Copper and Magneaia, 
radiating cryatalliaatioo of, 842, 

Balpbate of Copper, spiral cryntalU- 
aatioii of, 843. 

Sulphuric Acid, as test, 249. 

Sundew, hairs of, 456. 

Sunk Cells, 217. 

Surirella, 844 ; conjugation of, 357 ; 
use of, as test, 205. 

Swift, Mr., his Challenge Mieroscf'pe, 
84, 85 ; his Portable Binocular, 95, 
96 ; his swinging Sub stage, 85 note; 
his combination Snb-stage, 135, i.34 ; 
hts Aquatic box, 147 *. his Micro- 
scope lamp, 156; his M'ale Students’ 
Microscoi>e, 866. 

Synai>ift^ calcj»reou8 skeleton of, 641. 

S^iu'oryne, 615, 016. 

290. 

Sywiinof, 844. 

Syringe, small glass, 152 ; uses of, 
168, 245, 249, 254, 260, 688 noic, 
811. 

Syringe, Injecting, 811. 

Tabanun^ ovip(»sitor of, 756. 

Table for MieroikU)|X!, 154, 

Tadpole, pigment-cells of, 792 ; circu- 
lation in, 806 — 810. 

ftWMO, 693, 694. 

Tariifffrttda. 541. 

Teeth, of Kehinid%, 635, 636 ; of Ophio- 
coma, 687 : v>f Mollusks, 678 — 681 ; 
of limth, 706; (tf Yertebrata, stiuc- 
ture of, 771- -773 ; fossil, 831, 832 ; 
mode of making sections of, 770. 

Tendon, structure of, 788. 

Tenthmiimda?, ovip«*sitor of, 755. 

circulation and respiration 
in, 698, 699, 

sbeU-structure of, 673 — 
675 ; mnaeular fibre of, 800. 

Ttrptinp^f 346. 

Teets, of KhUopoda, 489-491 ; of 
Foraminifera, 558 — 568. 

Teit-Laqnida, 249, 250. 

T«»t*Objecta, 197 ; for low powers. | 
198» 199 ; for medium powers, 199— 
201 ; fw high powers, 201-206. 

fhtmmttuf rnafrnlw#, 502, 503. 

Tetrm^res of Cerainlncem, 400. I 


Tcjctulfirla, 546, 572. 

Thahuxitoila, 600, 601. 

Thai! us of lower Cryptogamm, 293, 
393, 395. 

Thi u ma ntias, 619. 

Thectf*, of Ferns, 414; of Eejuisetacese, 
419. 

Thin Glass, 209 -211. 

Thomas, Mrs. 11., on Cnsmarium, 816. 

Tbomaa, Mr. R,, on microscopic crys- 
tnlliz?ition, 842. 

Tbionpsori. Mr. J. V., on development 
of (’oniatuiu, 648 ; on metamorphosis 
of (.'irrhipeds, 717 ; on metamor- 
]>h(»8is of Crustacea, 720, 

Thomsou, Sir Wyville, on Globigerina, 
569 ; on Siliceous Sponges, 608 ; on 
development of Pentacrinoid larva, 
649 ; on Chalk-formation, 825, 826. 

Thread-cells of Zoophytes, 624, 625, 

Thrush, fungous vegeUtion of, 382. 

Thurannnitm, 563. 

Tha’aites, Mr, on conjugation of Dia- 
tojns, 387, 8;38 ; on filamentous ex- 
tensions of i’almellem, 293 note, 

Tit'h, 759. 

Tinea fmmn, fungus of, 381. 

Tinoparug, 573, 574. 

Tipuhij larva of, 7 48. 

Tissues, KlementiVJjir, of Animals, rai- 
croHCupie stmly of, 763 ; formation 
of, 764—767 ; see Blood, Bone, Ca- 
pillaries, Cartilage, Hpidertnis, Epithe- 
lium, Fat, Feathers, Fibrous Tissues, 
Glands, Hair, Horn, Mucous Mem- 
brnnen, Muscle, Nervous Tissue, Fig- 
ment-cells, Scales, Serous Membmnes, 
Teeth. 

Tissues, Elementary, of Plants, 423; 
Cellular, 423—436; Woody, 486, 487 ; 
Vascular, 488, 439; dissection of, 
439, 440 ; prei)ara4on of, 241. 

Tolies, Mr., his Binocular Eye*piece. 
39 ; his Amplifier, 100 ; his vertical 
Illuminator, 141. 

Tomopteri^, 702 — 704. 

Tongues of Gasteropods, 678 — 681; of 
Insects, 741—743. 

Tm'ula cerevUice^ 875, 376. 

Starch grains of, 435. 

Tow-net, 264. 

Trarhe® of Insects, 746-^749; mode 
« of preparing, 749, 750. 
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Tnuksc^iiUi, cyclosis in haiw of, 429, 

*430. 

Transparent Objects, arrangement of 
Microscope for, 1C8 — 172; various 
inodes of illurniaAting, 172 — 17,5. 

Travelling Microscopes, 93, 94, 

Trcniatoilc thitomu ^596. 

Trktratium^ 87(3 ; inarkingR on, 330. 

Tricftodot bristles of, 519; raetamor- 
pbosis of, 524—526. 

Tncliogyne, of Lieliens, 394 ; of Flo* 
ridea*, 401. 

Trilohite, eye of, S30. 

Tnloculindt 550. 

Triple Staining, 248. 

Trochm, palate of, 670. 

T7'otU, circulation in young of, 807. 

Tube-cells, 215. 

Tubular Nerve-substancc, SOI — S03. 

TuhiUario^ 616. 

TcifiCATA, general organization of, 657, 
65S ; sec Aifcidunia. 

Tm'hdliiria^ 696—093. 

Torn-tables, 219, 22u. 

Tyndall, Prof, on Hacioria, ^c., 373, 
374, 383. 

Vtiwa\ 293-295. 

Unicellular nature of Infusrjria, 498/ 

Unicellular Plants, 274. 

Unioiiidtt^ shells of, ^71 — 073. 

VmU, 3S5. 

Uiu.s of Mo.s.ses, 403. 

tfvtlldf 2So. 

Vacuoles, 27 0 ; microscopic appearancc.s 
of. 182. 

Valluturhf cyclo-sis in, 427, 42S. 

Vamp]/7'flUi, 471 — 473. 

■V.an liencden, Prof, Ed., on gigantic 
Gregarina, 494. 

Vnimm-, haustelliuro of, 744. 

Variation, tendetic;%to, in Desmidiaceic, 
324 ; in Diatotnacew, 337 ; in For- 
aminifera, 551, 558, 580 ; in Poly- 
cystina, 598, 600 mte. 

Varnishes and Cements, 211 — 214. 

Tanckeria^ zoospores of, 298 ; sexual 
reproduction of, 299. 

Veg^ble Ivory, 432. 

Vegetable Kingdom, differentiated from 
Animal, 266—278. 

Vegetable si^sstaiices, preparation of, 
241. 


Veittrk7Uit^\% 826* 

Vermilion injections, 812, 813, 
VKaTEBRATA, elementary structure of. 
762, (see Tissuesi; blood of, 782— 
7S6 ; circulation in, 804—810. 
Vertical Illumitmtors, 140, 141. 
Vesicular Nerve Substance, 801. 

VesKoIs of Plants, 437 — 439, 

Vibracula of Polyzoa, 657. 

Vihno, 871, 372. 

Villi of iut.estine, injections of, 814. 
Vine-dise.iHO. 386. 

Vinegar, Kcl.s of, 69,5. 

Vitrcoiui FvrarainifejrL, 64 7» 548, 

I 568—592. 

I VoIroA\ structure of, 283—286 ; de- 
I velopraont and multiplication of, 
j 2 S 6 , 287; generation of, 287 — 289 ; 

! amtoboul state of, 287—289, 
j Votikfllif, 518, 519, 521 ; encysting 
i process in, 523 ; conjugation of, 528. 

i Wale's New Working Alicroscopc, 74 
j -76. 

Wallich, Br., on making sections of 
; Foraminifera, 286 notr ; on Diatoms, 
323 no/f. 331 note; on Cocoospheres, 
492 oil nucleus in Gromia, 477; 
on Globigerinoj, 569 ; on Poly* 
cysiinfl, 60l) lUfte. 

Warts, structure of, 792. 

Water- Bath, 221. 

Watcr-immei'feion Objectives, 18, 19, 
S50— 854. 

Wntt7*'Libi^ stellate cells of, 425, 426; 
leaf of, 459. 

i Water t}cwl, circulation in larva of, 807. 
i Water- Vascular svabmi, of Botifera, 

; 535 ; of Planaris, 697. 

Watson, Messrs,, their .now form of 
Mictoscojje, 865, 860. 

Weber's Afinular Cell, 147. 
Webatcr-Condenser, 121, 122. 

Wcnbaia, Mr. his new Achromatic 
combination, 17 ; his suggestion of 
j homogeneous immersion, 19 ; hi# 
I Binocular Microscope, 34 — 86; his 
! Non-Htereoscopie Binocular, 98 ; bis 
’ Disk-illuminator, 128 ; his Parabolic 
: Illurainator, 126, 127; his Heffn: 

, Iliominator, 128, 129; on adjust- 

ment of Object-glasses, 166 ; his ob* 
servations on PJeunwigma, 331 mie ; 
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iM Cyclonw, 420 -ISI ; on Padur 
tmhf 732. 

W{iftt«bo»e, •trn<!lore tjf, 781 

WHottt, HtigtiU of, m. 

WhtnwtyttejFJirC., lii» invention of the 
SterooAoopo, 29 — 81 ; of the Piieudo* 
•wpe, 31, 81 

nee Rot i fern. 

While-cloud intimiuftlor, KJO. 

White 0>fpuiidr# of bhMxl. 7''1 — 

White Fibrooe liiieoe, 7^7, 7m. 

W'hilncy, Mr., <m circoktioii in Tud- 
807-~8]<>. 

WUU{U»ui<;ti, Prof, \V, C,., ou Volvox, 
2''2 «o#f ,* on iihell« of Ciuf«UoeM, 719 
o» iMmle* of Fi«he«. 77.5, 77i‘ ; 
OD ConJoplanti, 821 , oo Levant juud, 
828, 824. 

Wingii of lueecte, 750-752 

Winler-eirga, of Uotiforn, 5157 ; of Hydra, 
013 ; of Kntomontinott, 713. 

Wollaeton, Dr,, hisil’airn'in LuciMa, 112. 

Woiwl, of KiogenouH »t»nis, 44!1“>445. 

Woodward, Cid. Dr, Iwh I'liim, 124; 
bit remdution of Amp}ii|iioura jHdlu* 
cida, 204 ; of Mirirvlla getuiim, 205 ; 
on KcaJo of Gnat, Ibo ; ou iVlum* 
782. 

W'otxly Fdirp. 43d ; ginndular, of 
Ctinifcm, 437- 

VTorkiag diiUnc'C of Olve(*tiTe*, 192. 

Wonuley, Dr., ou Micro- Cheinittry. 
S4H, 840. 

Wyih’t Am|>lifier, 101. 


Xawthidm of Flinit,818 »ofe, 4172. 
Yeatt-plant, 875, 876. 

Tellow Fibrous teue, 788. 

PiMva, epidermis of, 453 ; stomata of, 
457. 


Zeiss's oUdmmersion Objectives, 10, 20 ; 
his adjusting Low- power, 101 , 198 ; 
his Hukstage Condeusar, 122 mk, 

Zentroaycr, Mr., ou defining power, 
193 vrtt€ ; bis sa'iuging taii-piooe, 
73, 89 ; his glass stage. 70. 

j? 0 (vi-larva ofCnib, 720, 721. 

Zoantharin^ 6*24. 

Zoo^lmiy 308. 

Z<x>pby te*Tr«u gh , 148. 

Zt>orntTBs, 609—027 ; see Actifmmt 
Alcj/vnarift^ and If^jilrozoa^ 

Zoospores, 275 note; of Protocoocus, 
279, 2^0; of lUvaceas 294, ‘296 ; of 
Vauchcria, 21*3 ; of Aehlya, 800 ; 
of Confer vacert% 30 1 ; of Chaytophora, 
807 ; of Pediastrem, 328 ; of Fucacesi, 
899. 

Ziftfnenwreo', 2S2, 283. 

ZygosiKirea, 276 ; of Oonjogatew, 277, 
283 ; of Deemidiacese, 818, 319; of 
Diatomacea\ 837, 838. 

Zygosis of Aetinopirys, 492 ; of Amoeba, 
438 ; of Oregarina, 496. 

Zymotic artion of Baoillus- organisms, 
373 -375. 


ERRATUM. 

Tbf first wntenev in the Note to p. 195 should run thus 
The Author is informed by Pi of. AbW, that tlie * peneUaiion^ of Objedim 
decreaifi in a correspowdiug ratio with the iuoruase of their reepeetive Namerieal 
Apaiiurti ; or, when Objectives of the same class are compared, with the iaemae 
in the sines of their respective semi -angles of aperture. 
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Coaodi M«dal and Awiira, EubiUitiiin. L<m4<ai, 1851. 
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ROSS’ 

Improved Microscopes, 

WITH 

New Patent Frictionless Fine -Adjustment, 

A>D 

Zentmayers’ Patent Swinging Sub-Stage Arrangement, 

For obutiaing any <kgrce of Oblb|ue Illumi nation. 


Fw Description and IlhfHnUion, »ee hody of tdiu JVork, 
^ pa(je 89. 

About 25 per Cent less Cost tlian former Models. 

ROSS’ NEW SERIES OF OBJECT-GLASSES. 
ROSS’ NEW ACCESSORIES. 

ROSS’ NEW ILLUSTRATED CATALOGUE, 

*With full Ditscription and Prices, 

05 ArPUCATlOSr TO 

ROSS & CO., 

164, NEW BOND STREET, LONDON. 

EsTAftLisairn 1830. 



THE QUARTEKEY JOURNAL OF MICRO- 
SCOPICAL SCIENCE. 

Edilsd by E. lUY 1-ANKESTER, M.A., F ILS,, V.IA, 

Fallow of B3c«i4B‘ CoUego, Oxford, wid Profoiwr of Zoology and Coiupani- 
live Anatomy in U&iveriity Oolloge, Xx>ndon. 

With tho oflHjporaiion of F. M, BALFOUR, M.A., FtlLS., 

Felkiw and Lecturer of Trinity College, Cambr^e ; 

W. T. THIBELTON DYER, M.A., ER.S., F.r..S., 
Ajwwtwit Director of the Royal Gardetw, Kow ; and 
E, KLEIN, HD., F.R.S., 

Lecturer on fliotology in Ht Barilwiomew'g Ilogpital Medical School. 
EetsiMwhed 1^5*2. Price 7b. Od. per number. 


A MANUAL OF MICROSCOPIC MOUNTING. 

With Notoi on the Collection and Examination of Objecta. By JOHN 
H. MARTIN, Member of the Society of Punlic Analyats. 
Second Edition. W’ith 150 EnijjraviDgH, 8ro, Ts. 6d. 

SECTION CUTTING. 

A Practical Guide to the Preparation and Mounting of Seotiona for the 
Microecope ; special prominence i>etng given to the gubject of Animal 
Sections. By Dn. SYLVESTER MARSH. 

With Engravings. Fcap. 8vo, 28. 6tl. 

A GUIDE TO THE MICROSCOPICAL EXAMI- 
NATION OF DRINKING \^\TER. 

ByJ. I), MAa>f>NALU, M.D., F.Kll., 

Deputy Inspector-Geneml of Hospitals and Fleets, Aaftiatant Professor 
of NaviU IDgiene in the Army Medical School. 

\Vith Twenty four Lithographic Plates, 8vo, 78. 6d. 


DR. CARPENTER’S HUMAN PHYSIOLOGY. 

By HENRY POWER, M.B.. F.ILC.S , 

Examiner in Anatomy and Physiology in the Royal College of Surgeons of 
England. 

Ninth EdiUoUi with three Steel Plates and 377 W#bd Engtavingf 
8vo, £1 lU. tld. • 


FOWNES’ MANUAL OF CHEMISTRY. 

Baitad by HKKRY WATTS. B.A., F.R8. 
TWBLFtn EDITION. 

EBOEOANIC CHEMISTRY. 8«. «d. 

OHGAKIC CHEMISTRY. 10^ , 


Losdos: J. & A. CHURCHILL. 



MICROSCOPES 


THE “ECOHOHIC” UICROSGOPE. 

ExPRi8*SLY DEBJGNED FOR THE L’SE OF StUDEKTS, 

FIWM £5 TO £10 lOs. 

These Inatmments are superior to tho Foreign Microscopes, arul 
much lower in price. 

THE “POPULAE” & “NATIONAL" 
BINOCULAB MICBOSGOPES. 

IHorc particularly designed for tljc use of Amateurs; are steady 
and admirable Jnstruments, varyiii^; in price from 
£20 10s, to £22 lOs. 

THE “ INTERNATIONAL " 

BINOCULAR MICROSCOPE. 

The most compl(*tf5 Stand that has ever been constructed, 
giving every facility for the most delicate investigations, and 
carrying the Achromatic Microscope to tho highest state of 
perfection yet attained, varying in price according to the number 
of Object Glum*?, and amo!jut of Ajjparatus 
from £50 to £200. 


FullCataloguet an^l Ih^^mptive PmnphkU^ giving tvtrtf particular 
as la price j ^c., $€nt free hj Fo$i tfpini application to 

R.’ & J. BECK, 

68, CORNHILL, LONDON, E.C. 

lxstes WOKSS, HOXXOWAY, IOVOOS, V. 

1018, CHESTSVr SiWr, PHILADELPHIA. DJJL 




81(01 JBdHioa, in Two Vok, &to, XS &. 

OOOLETS CYCLOPJEDIA OF 

PEAOTIOAL RECEIPTS 

And Colkieral Infonnation in tlie Ariis, Miinufacfcure«i, Profee- 
monir, and Trades, including Medicine, Pharmacy, Hy^ene, 
and Domestic Economy ; designed as a Comprihensive 
Supplement to the PhanuacojMajia and General 
Book of Reference for the Manufacturer, 

Tradesman, Amateur, and Heads of 
FnmilicK. 

Edited by Professor TtJSON, P.C.S., 

And tmi^ed hy the f(Alov:mfj Sekhtific Oontrifmi&ri 
JOHNATTFIEIil),Pb.D.,P.IX., ' WILUAM HAKKNESS, FJ.C,, 
p.c.s. F.aa, F.H.M.a 

PROF, J. WORTl^EY AXE. C. W. HEATON, FJ.C., F.Ci^. 

hWYO BULLOCK F.IC.. EDMUND NEI80N, F.LU, 

F C 8« F C 8 

E, U BAIIUET, B.8o., F.I.C., PROF. PRITC HARD. 

F.C.a A. K. SANS(>M. M.D., F.R.aF. 

E. CANTON, F.U,C.S. PlR^F. SIMMONDS. 

8PENCKU COBBULI), M.D., JOHN SPILLKH, F.C.S. 

F.H.a JOHN STKNHOUSE, LL.D, 

STEPHEN DARBY, F.C.S. F.K.B. 

Dr. DE VIUJ. of The Hague, F. TOMS, Junr., AJ.C., F.C.S. 
JOHN GARDNER, F.LC., F.C.S. 

This E«.hUou exceed* the last hy (500 and contain* a greatly 

inmaiM9d number of iroeipte culled frum the most r^iable Kiigliah and 
forcipa jourimU ; numeroun articles on Applied Chemistry, Pharmacy, 
Hygmue, Human and Veterinary Me+iu'ine, Ac., have been addifd ; many 
of the old article* are extended ; und, where desirable, the text is illustrated 
by woodcuts. 

Thus it w hoped to incroaso the ujsw^fulnes^ of " Cooley s CycJopjedia ** to 
engaged in the professions, trades, arts, and inanufactures, to hmids 
of fatnlUes, to emigrants, and others re^|uiriug pmctiral informatioii res- 
[weting their basinets punralts or the wants of every-day life, and to render 
the work slill more worthy of the p ^polarity which it has for so many 
yearn enjoyed. 

** W© cannot snare space to enumerate all the iinp^vemenU. Those 
who have the old edition of this worK will do well toSun{dy themselves 
with its tucoesscMr; those who haw no copy of it w ill do s^ better if they 
pitrehase this edition. and Umyyist, 

** Xt is a stortliouse of soientihe knowledge, and will bo found valuable 
in every bou*©,^— 'Zoned:. 

** It If iuffic^tiy bterestiiig to secure a place in the l>o<A*cajie of every 
rtmdi^iiiim,abiiniidinga»iido©s in useful hints, turacUcai receipts, and terse 
descriptions of tbs arts and seieoces.*’— Mwjasim 0 Pkarmmy. 

Lokdok : J. db A. CHURCHILL. 



UrmtHATIOIIAl EXNillTHHI PRIXE IRIAl AVAIIt. 

* Farts, ISSS. boadma, tMS. 

Vleima, XS73— Two Frlso Kodals aad 
TBS XKFSBZASi FBAVOXS JOSBFB OSSSS. 

*|Paris, 1S78-TWO Frtso Kodals 
X^B BXOSX,X.SXCB AXIS OBSAFBSSS. 

M. PILLISCHER, 

#^in3it anb Utakr cf Instraments. 

FILLISCHER’S Kvw Ikterxational ’* Microscope, m 
supplied to tlie [)rinci[>al Hospitala and I'aiverftilies. The best 
and most suitable Instrument for Mist<»Iogiad and all other 
kinds of research £7 10^., £10 lOs., and £14 

PILLISCH£E*S New ** I»Tt»NA'noNAL” Microscope, with 
improved Mechanical .Stage and AppliaiiC< s .... £21 

Ditto ^dtliAfonocular and Bmoeokr £25 

FILIilSCHEB’S First-cla«a Microsce j t complete, with 
Kye-picces and Objectives . . - from £20 

51icroscopic Preparations (Normal and Pathological) of 
Unman and Comparative Subjects, in great variety, from 
1#. W. each. 

Diasecting^nstniments, Mounting Materials and Appliance* 
in great vari^y, at Reduced Price*. 

FILLISCHER’S Illustrated Catalogue of Mscroicopes, 
Object Glasies and Apparatus, also of all kmd* of Smonti^c 
Instruments, will be sent free on application. 


88, JTew Bond Street, W., Xtondon 



HENRY CROUCH, 

S6, BABBICAN, LONDON, EM!.,. 

■ANUFACTURER OP HICROSCOPES, 


OBJa^rrrss. and all Accmosiss. 



ACICXTS IX AUXJtlC.l: 

MS8SB8. JAUES W. QUEEN ft 00., 

m, CHESTNIT STBEirr, PHILADELP]ftA. 

JFwU$ lUiUtrattd Catal<iyiut »/ MieroKopo, Telaeopt$, Ac. Ac., on 
ttpjplicatiim, (Utnltd Abroad Ace.) 

HENRY CROUCH, 

BA&BZOAN OPTZO4]:. WOBK8, 

ee, BABBioAir, London, b.o. 



SyVIFT & SON. Opticians. 


UNITERSITT OPTICAL W0SE3, 



S. Son's mcHiification of Wnles’ to which is 

adapt«5d their lately patcnUtd Hack and Pinion Sjriml Motion, Ae., 
hue ft^stmentv also the Calotte Diaphragm, lliis mfimnsetit tui 
shown in engraring, witn 1 inch, | inch Objoetives and 

Eye-pxeca*in Mahogany Cabinet, i7 lOs. 


l$u ttUo met jMpr, 


SWtFt & SON, 

OPTICIANS 

% Appointment to the Qouemmeni 
Soienoe Schools, Admiralty, So, 

ScrcE the oompilation of ihit Work, Messrs. S. & Son have 
made the folloiirittg important laoproTements and additions t<.> 
their ** Challrkqi Microscope (ser page 84), vLe,, a larger and 
tlunner stage, which, without reducing its former stability, 
adtnlte aU rays (within the total reflected angle) to impinge tlie 
ol>j€ct. S. ds Son’s Patent Fine Adjustment ia also fitted to 
this Insfmment, wldch is of incmscd size and improved desi^jf* 
throughout 

Crttalogoes, fully IJln^^tratcd, containing descriptions of 
8. 4k Son’s Fahui. St-B-STAonlLLUMmATon, SwBqikg Bvu-Stagb 
HiCROscca*a, puice 6</. in stamps (or free for abroad). 

llltistraiad ^^©et Catalogues in French, Spaniah, and Italian, 
post-^free on application. 

S* & SonV Nair Fanaanao MtCBorcw (now uted in nearly 
all the BToipitals in the Ohited Bhngdoni:) can need with Ice 
or Ether. VitoSmor Groves* Ether Spray has lately been added 
10 this Apparatus, thereby enabling it to be used where Ice 
oaunoi be obtained. In this case the liquid is returned to the 
dbamhet which it was projected thus elMhig m great 
sating of eflb^r, and abecnce c^ncudous tapoura. ^ " 

f«i« «»£•» 














